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THE  TAU  BETA  PI  SOCIETY. 

The  honorary  society  of  Tau  Beta  Pi  was  established  at  this 
University  in  1885,  and  its  object  is  fully  set  forth  in  the  pre- 
amble to  its  constitution,  as  follows : 

“To  mark  in  a fitting  manner  those  who  have  conferred  honor 
on  their  Alina  Mater  by  a high  grade  of  scholarship  as  under- 
graduates, or  by  their  subsequent  attainments  as  alumni,  and  to 
foster  a spirit  of  liberal  culture  in  the  Technical  and  Scientific 
Schools  of  the  United  States.” 

It  is  the  aim  of  the  writer  to  discuss  the  considerations  that 
led  to  its  establishment,  and  its  aims.  Phi  Beta  Kappa  is  well 
known  and,  until  quite  recently,  has  been  identified  with  colleges 
of  the  liberal  arts.  Even  in  its  reorganized  form,  the  drift  is  in 
favor  of  its  old  methods,  and  considerable  feeling  (unjust, 
perhaps)  has  been  shown  at  the  methods  adopted  by  some 
chapters  in  the  selection  of  candidates  from  mixed  classical  and 
technical  applicants.  With  the  rise  of  high  grade  colleges  of  a 
purely  technical  nature  within  the  past  quarter  of  a century, 
there  has  come  the  need  for  a technical  Phi  Beta  Kappa,  as  the 
traditions  of  that  ancient  society  are  adverse  to  merit,  if  it  comes 
outside  of  the  “Humanities.” 

While  some  study  for  the  delight  of  acquisition,  and  accumu- 
late knowledge  as  a miser  does  money,  the  average  man  desires 
to  possess  the  record  of  his  abilities,  provided  that  it  can  be 
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obtained  in  a fair  and  just  manner;  and  he  uses  that  record  as  a 
certificate  when  dealing  with  strangers  who  desire  to  know  what 
manner  of  man  he  may  be.  College  work  ends  in  the  presen- 
tation of  a diploma,  which  signifies  that  all  the  work  of  a course 
leading  to  a certain  degree  has  been  passed  in  a satisfactory 
manner ; but  it  does  not  explain  the  meaning  of  “ satisfactory,” 
nor  show  whether  the  scale  be  high  or  low.  In  a word,  the  old- 
fashioned  diploma  brings  the  valedictorian  down  to  the  level  of 
the  unfortunate,  who  has  failed  in  every  examination  that  he  has 
met,  and  who  graduates  only  after  repeated  reexaminations,  and 
gives  no  indication  of  their  relative  fitness  to  encounter  the 
problems  of  practical  life;  for,  in  a technical  course,  the  manner 
in  which  the  work  in  college  was  performed  will  be  a criterion  of 
future  aptitude  or  inability;  while  at  best,  the  classical  under- 
graduate work  is  a fit  for  something  higher,  and  that  higher 
work  is  to  be  the  bread-winner.  In  a certain  degree  the  list  of 
commencement  appointments  meets  the  point  noted;  but  only 
for  the  highest  men  in  the  class,  and,  at  Lehigh,  gives  their 
relative  rank  for  the  last  year  and  one-half  before  the  final 
examination.  To  fully  meet  the  case,  and  fully  supply  a fair  and 
exact  statement  of  the  work  done  in  this  University,  Tau  Beta 
Pi  was  established,  and  so  well  has  it  met  the  demand  that  a 
graduate  wrote  to  the  writer  on  the  subject,  and  stated  that  he 
valued  his  certificate  in  the  society  above  the  University  diploma. 

After  some  correspondence  between  high  standing  alumni, 
Tau  Beta  Pi  was  established  in  the  Spring  of  1885,  and  organized 
by  the  eligible  men  of  the  graduating  class.  In  its  formation, 
the  first  point  decided  upon  was  that  high  rank  should  not  be 
the  sole  requirement  in  a candidate  for  membership;  but  he 
must  be  a man  who  can  be  lived  with,  as  success  in  after  life  will 
depend  as  much  on  the  adaptability  of  a man,  as  on  what  he 
knows.  While,  therefore,  high  rank  will  put  a name  on  the  list 
of  candidates,  it  will  not  force  its  owner  into  a society  against  its 
best  interests;  and  an  elective  requirement  was  introduced,  so 
that  all  who  have  shown  a lack  of  congeniality,  or  who  have 
been  visited  by  public  reprimand  or  other  penalties  for  dishonesty 
in  university  work,  and  have  failed  to  exhonerate  themselves,  are 
passed  by  at  the  election.  It  is  fitting  to  state  that  this  privilege 
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has  been  very  seldom  used,  and  tradition  is  against  its  use  in 
the  first  case,  and  the  high  grade  men  who  have  been  candidates 
have  never  been  in  the  second  class. 

The  next  thing  determined  was,  that  it  would  never  do  to  take 
a fixed  number,  or  proportion  from  a class,  without  regard  to  the 
actual  rank  of  the  class.  A minimum  grade  of  seventy-five 
per  cent,  must  therefore  be  surpassed  by  all  candidates,  and  a 
class  of  generally  low  grade  will  have  no  members,  or  fail  in  its 
quota.  There  has  been  but  one  instance  where  the  class  failed 
to  receive  its  full  quota,  and,  in  general,  the  limit  could  be  placed 
at  eighty  per  cent.  Phi  Beta  Kappa  used  to  take  the  first  third 
in  the  class  with  an  indifference  to  the  actual  rank,  and  its  elec- 
tions gradually  fell  into  disrepute,  so  that  some  of  the  oldest 
chapters  lay  dormant  for  many  years,  and  some  are  permanently 
dead.  Tau  Beta  Pi  selects  only  the  first  fourth  of  the  total 
membership  of  a class  as  it  appears  in  the  Register  at  the  begin- 
ning of  the  Junior  year.  Candidates  for  membership  have,  there- 
fore, to  contend  with  their  classical  rivals,  and  every  classical  in 
the  first  quarter  means  one  less  for  Tau  Beta  Pi.  Under  the 
present  conditions,  the  rivalry  is  wholesome,  but  there  may  arise 
in  the  future,  a change  in  the  relative  numbers,  or  in  the  relative 
courses,  that  will  compel  an  entire  separation  of  technical 
from  classical  students.  The  graduating  class  this  year  will 
have  both  Valedictory  and  Salutatory  given  by  wearers  of  the 
“Bent.” 

At  first  the  elections  were  held  at  the  beginning  of  the  Senior 
year,  that  they  might  be  based  on  the  records  of  the  whole  of  the 
first  three  years  of  the  course;  but,  unless  there  were  a number 
of  post-graduates  in  college,  it  was  very  difficult  to  secure  suffi- 
cient members  to  receive  the  new  men  and  show  them  the  work 
of  the  Society.  It  became  necessary,  therefore,  to  divide  the  quar 
ter  of  the  class  into  two  parts:  the  first  eighth  being  taken  at  the 
beginning  of  the  second  term  of  Junior  year,  on  the  basis  of  the 
records  of  two  and  one-half  years.  As  the  men  enter  the  Society 
immediately,  they  become  familiar  with  its  workings  before  the 
graduation  of  the  Senior  Class,  and  are  ready  to  receive  the  second 
eighth,  whose  rank  can  only  be  determined  by  the  examinations 
at  the  end  of  Junior  year,  and  also  the  Wilbur  scholar  of  the  year. 
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It  is  highly  improbable  that  the  men  in  this  first  eighth  will  fall 
below  the  first  quarter  of  the  class  during  the  rest  of  their  course; 
and  hardly  probable  that  those  of  the  second  eighth  will  do  so  ; 
but  it  is  necessary  to  establish  a basis  by  which  work  can  be  done 
as  undergraduates,  and  the  one  chosen  was  least  objectionable. 

The  list  of  candidates  is  furnished  to  the  Society  by  graduate 
members  in  the  Faculty  or  Corps  of  Instructors  who  have  no  inter- 
est in  the  candidates.  This  list  is,  therefore,  an  impartial  one,  and 
the  rank  is  carefully  computed.  There  is,  therefore,  no  room  for 
favoritism  or  error,  as  the  official  records  are  consulted.  The 
society  holds  a number  of  meetings  each  term,  whose  proceedings 
are  secret,  in  that  only  members  are  allowed  to  be  present,  and  the 


current  business  is  not  mentioned  outside.  The  work  is  chiefly 
the  preparation  of  papers — generally  scientific — which  are  read 
and  discussed  at  the  meetings.  There  is  no  restriction  to  any 
definite  line  of  topics  as  yet,  though  plans  are  now  forming  for 
systematic  research  in  certain  directions. 

The  badge  is  the  miniature  bent  of  a trestle  worn  as  a key, 
having  on  one  side  certain  symbols  known  only  to  the  initiated, 
and  on  the  other  the  owner’s  name  and  chapter.  Each  member 
receives  a certificate  with  his  name  printed  therein,  as  well  as  the 
date  of  issue,  which  states  the  rank  he  has  held  in  the  class  dur- 
ing" his  course,  and  the  fact  of  his  election  to  Tau  Beta  Pi  as  a 
consequent.  The  colors  are  brown  and  white,  arranged  in  one- 
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eighth  inch  stripes  alternating  across  an  inch  ribbon.  From  the 
first  there  has  been  an  appreciation  of  the  value  of  the  Society, 
and  a desire  for  membership  therein.  High  stand  alumni  have 
written  of  their  regret  that  it  did  not  exist  during  their  under- 
graduate life,  and  undergraduates  look  forward  to  securing  the 
coveted  rank  that  will  show  that  they  are  not  only  good  students, 
but  have  good  “ staying  ” qualities.  It  matters  little,  whether  the 
diploma  contains,  or  omits,  the  words  “ with  honor,”  as  the  broad 
certificate  of  Tau  Beta  Pi  is  a “ Magna  cum  laude  ” that  supplies 
all  omissions,  and  sends  the  fortunate  owner  into  the  world  with 
his  accurate  rank.  When  the  society  is  fully  known  to  the  work- 
ers of  the  world,  the  sight  of  the  “ Bent  ” will  sufficiently  answer 
the  question  as  to  the  owner’s  faithfulness  as  a student. 

The  Lehigh  chapter,  having  remained  alone  for  some  years, 
has  reached  its  period  of  growth.  During  the  last  year  a chapter 
has  been  established  in  the  Engineering  department  of  the  Mich- 
igan State  Agricultural  College,  where  Mr.  L.  P.  Breckenridge. 
formerly  instructor  here,  is  now  Professor  of  Mechanical  Engi 
neering.  Several  other  chapters  are  in  prospect,  and  it  seems 
if  Tau  Beta  Pi  were  about  to  extend  into  a wider  field  its  capaci- 
ties for  usefulness  and  encouragement. 

Edward  H.  Williams,  Jr. 


RECENT  DISCOVERIES  OF  PREHISTORIC  REMAINS  NEAR 
SCHAFFHAUSEN,  SWITZERLAND. 

TRANSLATED  FROM  THE  GERMAN  BY  A.  B.  FICHTBR. 

The  following  is  a translation  from  a report  in  a leading  Swiss 
newspaper  on  excavations  made  by  Dr.  Nuesch,  in  Schaffhausen, 
Switzerland. 

A publication  by  Prof.  Dr.  Oskar  Fraas,  the  leader  of  cave  in- 
vestigators, and  the  likeness  of  the  place  described  to  one  famil- 
iar to  Dr.  Nuesch,  in  the  neighborhood  of  Schaffhausen,  gave 
him  the  idea  of  looking  for  remains  of  prehistoric  periods  in  that 
region.  The  rock  he  was  specially  reminded  of  by  the  illustration 
is  called  the  “ Schweitzerbild,”  and  he  communicated  his  idea, 
that  at  the  foot  of  the  rocks  of  the  “ Schweitzerbild  ” prehistoric 
remains  could  be  found,  to  some  of  his  friends  and  acquaintances; 
but  a search  of  the  place  showed  no  signs  of  a cave  along  the 
overhanging  cliffs,  and  the  then  prevalent  notion,  that  objects  of 
such  ancient  date  could  only  be  found  either  in  very  humid  moss 
or  in  places  sheltered  from  all  atmospheric  influences,  such  as 
caves,  kept  him  from  making  excavations  at  that  time.  He  at- 
tempted excavations  one  after  another  in  caves  of  the  Jura  moun- 
tains, ever  without  success,  and  finally  in  1891,  after  another 
fruitless  attempt  in  the  neighborhood,  he  tried  his  luck  after  all 
at  the  Schweitzerbild.  The  first  bore  at  the  west  side  of  the  cliff 
produced,  down  to  a depth  of  50  cm.,  nothing  but  ashes,  but  a 
ditch  dug  vertically  against  the  middle  of  the  rock  unearthed, 
even  at  a depth  of  30  cm.,  such  a mass  of  modern  and  fossil  bones 
and  of  crude  flint,  that  a systematic  excavation  was  at  once  under- 
taken. 

On  the  spot  called  the  Schweitzerbild,  about  two  miles  north 
of  the  city  of  Schaffhausen,  are  three  cliffs  rising  out  of  a small 
plateau  to  a height  of  about  18  metres  at  the  eastern  end;  the  pre- 
historic remains  were  found  at  the  base  of  the  Western  rock, 
which  facing  south-west,  rises  abruptly,  overhangs  in  fact  in  some 
places  by  about  2 y2  metres.  To  the  south-west  the  settlement  is 
completely  sheltered  by  the  cliffs  from  the  cold  winds  from  the 
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north  and  the  north-east.  The  solar  rays  are  reflected  from  the 
mighty  towering  cliffs  into  the  centre  of  the  semi-elliptic  space  in 
front  and  warm  the  spot  to  such  a degree,  that  the  snow  does  not 
last  long  there  in  winter,  and  the  heat  in  summer  is  well  nigh 
unbearable.  Not  far  away  is  a copious  spring,  which  furnishes 
parts  of  the  town  of  Schaffhausen  with  drinking  water,  and  a 
little  brook  passes  at  a distance  of  about  a hundred  yards. 

The  excavations  were  made  by  removing  strata  of  20  cm.  each; 
bones  and  artefacts  (implements)  found  therein  were  carefully  as- 
sorted and  preserved.  The  place  itself  was  divided  into  blocks 
of  one  metre  square,  and  the  situation  and  depth  of  each  object 
when  found  was  registered ; nothing  was  thrown  away,  even  if 
there  were  a thousand  duplicates. 

From  the  surface  down  the  following  layers  were  recognizable: 

First,  a layer  of  humus,  40  to  50  cm.  deep;  second,  the  neo- 
lithic stratum  about  40  cm.  deep;  third,  the  upper  Breccia 
stratum,  at  some  places  as  deep  as  80  cm.;  fourth,  the  yellow 
paleolithic  stratum,  30  cm.  deep,  which  turns  to  black  toward  the 
edge;  fifth,  the  lower  Breccia  stratum,  or  the  layer  of  the  roden- 
tia,  about  50cm.  deep;  and  sixth,  the  real  diluvium. 

At  a distance  of  two  metres  from  the  rock  the  layers  are  the 
heaviest,  and  decrease  in  depth  to  the  edge,  until  some  of  them 
disappear  altogether. 

In  the  humus  layer  were  found  glazed  potsherds,  besides  pieces 
of  glass,  paleolithic  flint  knives  and  scrapers,  together  with  bones 
and  teeth  of  the  pig,  the  boar,  the  elk,  domestic  cattle,  horses 
and  reindeer,  all  in  motley  confusion.  These  objects  had  been 
raised  from  the  lower  strata  in  digging  graves  recently.  Iron 
nails,  spear  points  and  modern  buttons  are  found  here.  The 
lower  strata,  however,  are  intact,  and  the  objects  are  in  their 
original  positions. 

The  gray  neolithic  layer  derives  its  color  from  the  quantity  of 
ashes  that  is  evenly  distributed  over  the  whole  place.  In  it  was 
found  a fragment  of  a ground  stone  axe,  also  stones  partly 
ground,  artefacts  made  out  of  bones  or  of  antlers  of  the 
stag,  unglazed  and  crudely  fashioned  potsherds,  some  of  which 
were  prettily  decorated,  antlers,  partly  carved,  implements  of 
flint  and  flint  fragments,  knives,  scrapers,  saws  and  drills,  and 
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flint  pieces  half  finished  were  quite  frequent.  Then  again  bone 
chisels,  bodkins  and  needles  made  of  bone,  were  found,  giving 
testimony  of  the  grade  of  culture  attained  by  these  people. 

In  this  neolithic,  as  well  as  in  the  lower  paleolithic  stratum, 
all  the  marrowbones  are  found  broken  by  the  reindeer  hunters, 
who  evidently  were  very  fond  of  that  nourishing  substance. 
According  to  Professor  Th.  Studer,  of  Berne,  remains  of  the 
following  species  of  animals  were  discernible  in  the  gray  neo- 
lithic stratum:  elk,  deer,  boar,  aurochs,  diluvial  horse,  brown 
bear,  mole,  alpine  hare,  snow-hen.  Very  scarce,  however,  are 
the  bones  of  the  reindeer. 

The  remains  of  about  twenty  human  individuals  were  also 
found  in  this  neolithic  stratum;  many  of  these  were  children. 
Most  of  the  children  wore  neck  decorations  made  with  rings  of 
the  tube-worm  (Serpula),  and  had  other  funeral  gifts;  a careful 
burial  of  the  children  seems  to  have  been  customary.  One 
child  had  been  laid  in  a dry,  walled  grave,  had  a long  chain  of 
Serpula  rings  around  the  neck,  and  besides  there  were  in  the 
grave  a red  flint  lance,  broken  at  the  point,  large  and  small  vari- 
colored knives,  a flint  saw,  a fine,  stilletto  like,  very  sharp  little 
white  knife,  and  a claw  of  some  wild  animal.  Thus  armed  and 
prepared  the  child  had  started  on  the  long  journey  into  the 
hereafter.  What  a glimpse  this  affords  into  the  emotional  life  of 
this  generation. 

Between  this  stratum  and  the  lower  yellow  paleolithic,  is  a 
Breccia  stratum,  which  near  the  eastern  wall  of  the  cliff  is  nearly 
8ocm.  deep,  and  consists  mostly  of  uneven  pieces  of  the  weather- 
worn limestone  cliff  above.  This  stratum  decreases  with  the 
distance  from  the  rock,  and  at  a certain  distance  disappears  alto- 
gether, consequently  the  gray  stratum  there  is  followed  im- 
mediatly  by  the  lower  yellow. 

The  Breccia  stratum  contains  no  ashes,  no  worked  flint  pieces, 
and  no  broken  bones,  a sign  that  the  place  had  been  uninhabited 
for  quite  a long  time ; yet  there  are  found  small  bones  and  jaws 
of  rodents,  but  only  in  small  numbers. 

Below  the  Breccia  stratum  is  the  yellow  paleolithic,  sometimes 
also  reddish  in  color.  In  it  no  potsherds  are  found,  no  ground 
stones — only  hammered  ones — no  bones  or  teeth  of  the  boar, 
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the  brown  bear,  the  hare,  the  stag,  or  the  deer ; but,  in  large 
quantity,  the  bones  and  teeth  of  the  reindeer  and  the  alpine  hare. 
Less  frequently  are  found  the  bones  and  teeth  of  the  diluvial 
horse,  the  ogre,  the  cave  boar,  the  ice  fox,  the  wolf,  the  aurochs, 
the  capricorn,  and  of  several  species  of  fowls.  Noticeably  small 
is  the  number  of  bones  of  wild  animals.  Of  the  dog  there  is 
not  a trace  either  in  the  gray  or  in  the  yellow  strata.  The  bones 
in  this  stratum  are  still  more  broken  up ; they  also  break  into 
pieces  when  taken  out  without  showing  signs  of  having  been 
hammered.  In  comparison  with  the  number  of  leg-bones  and 
teeth  of  the  reindeer,  the  number  of  bones  from  the  vertebral 
column  is  very  small.  The  reindeer  hunters,  perhaps,  did  not 
bring  from  their  excursions  after  the  reindeer  anything  but  the 
parts  that  had  much  meat  on,  like  the  legs,  and  the  head  on 
account  of  the  antlers ; or,  perhaps,  the  ribs  and  the  vertebrae 
are  more  easily  disintegrated.  The  first  case  is  the  more  likely 
explanation,  as  other  equally  spongy  bones  are  still  extant  and 
well  preserved. 

In  the  paleolithic  stratum  artefacts  of  bones,  horn,  and  flint 
are  more  numerous  than  in  the  neolithic  just  above.  A number 
of  bone  chisels,  of  which  some  possess  very  fine,  sharp  edges; 
beautifully  worked  bone  arrow-heads  and  needles,  with  and  with- 
out eyes,  among  them  some  extraordinarily  fine  ones  with  very 
small  eyes ; bones  that  have  one  or  more  holes  drilled  through 
them ; reindeer  whistles ; perforated  shells  from  the  Tertiary 
basin  at  Maintz ; oar,  ammonites,  and  terebratula  from  the  near 
Jura  mountain;  spongia  from  the  Birmensdorfer  strata;  shark 
teeth  from  the  diluvium  at  Benken  and  Lohn  ; a very  great  quan- 
tity of  hammering  stones  from  the  adjacent  moraine  of  the  former 
Rhine-glacier ; all  these  are  found  in  this  stratum.  There  are 
artefacts  in  large  quantity  made  of  flint,  which  the  reindeer 
hunters  found  in  profusion  on  the  north-eastern  slope  of  the  Jura, 
and  which  they  carried  home  ; besides  thousands  of  useless  flint 
fragments  and  blocks,  from  which  material  for  the  tools  was 
knocked  off,  knives,  artistically  worked,  saws,  large  and  small 
drills,  among  them  regular  circular  drills,  and  single  and  double 
drills  on  one  piece,  arrowheads,  and  scrapers  for  the  preparing  of 
the  skins  are  found.  Of  the  drawings  which  were  found,  one  is 
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especially  worth  mentioning  by  reason  of  its  artistic  execution. 
It  is  the  fragment  of  a reindeer  drawing,  representing  head,  neck, 
forefeet,  and  breast  of  the  reindeer.  A fragment  of  a drawing 
was  also  found  on  another  bone  giving  the  hind  feet  of  a rein- 
deer, quite  well  recognizable.  Specially  interesting,  however,  are 
the  drawings  on  a flat  limestone  iox  6 cm.  On  both  sides  of  it 
drawings  have  been  engraved  with  the  help  of  a piece  of  flint. 
On  the  one  side  three  animals  are  represented.  In  the  upper 
center  is  a horse  in  a resting  pose ; the  head  is  stretched  out 
straight,  somewhat  raised  and  turned  to  the  left,  the  two  left  legs 
cover  the  right  legs,  being  in  repose,  making  the  right  legs  in- 
visible. The  horse  has  no  mane,  but  a strong  tail ; all  the  lines 
are  firm  and  deeply  engraved.  Then  there  is  drawn  a reindeer, 
the  head  held  forward  to  the  right,  and  in  a jumping  position; 
the  extremely  delicate  forefeet  are  placed  far  apart.  The 
antler  partly  covers  the  head  of  the  other  figure,  and  the 
beautiful  small  head,  with  the  strongly  indicated  eye,  reaches  up 
to  the  neck  of  the  horse.  Underneath  these  two  animals  is  the 
figure  of  a colt  which  has  its  fore  and  hind  feet  very  near  to- 
gether ; it  holds  the  head  anxiously  up  to  the  left  side  with  ears 
pointed  forward.  The  whole  body  tapers  to  the  head  so  that  the 
animal  almost  approaches  the  likeness  of  a kangaroo. 

On  the  other  side  of  the  flat  stone  are  also  drawn  several  ani- 
mal figures,  over  and  into  each  other,  very  much  like  in  the 
drawings  found  in  caves  of  Southern  France.  Clearly  definable 
are  two  horses  with  manes,  and  a half  finished  animal  figure. 
Two  heavy  hind  legs  indicate  a very  large  animal.  Only  by 
means  of  a cast  or  an  enlarged  photograph  can  this  intricate 
drawing  be  fully  deciphered.  Several  fireplaces  were  discovered 
in  this  stratum,  among  them  a very  elaborate  hearth,  which  was 
started  on  the  rodent  stratum,  and  which  contained  even  to  this 
day  several  large  pebbles — warming  stones — in  its  several  thou- 
sand years  old  ashes.  Dr.  Neusch  succeeded,  by  extraordinary 
trouble  and  care,  in  removing  this  hearth  undisturbed  and  intact. 
So  beautiful  a hearth  had  not  yet  been  discovered  in  any  reindeer 
settlement,  either  in  France,  Belgium  or  England.  Besides  a 
quantity  of  ashes,  several  pieces  of  wood  were  found  with  signs 
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of  workmanship  and  perforations  which  had  completely  turned 
into  brown  coal. 

The  stratum  immediately  below  this  last  one  is  noted  for  the 
many  remains  of  rodents  found  in  it;  it  is  sharply  defined  from 
the  above  yellow  stratum  and  contains  only  a few  broken  bones 
and  artefacts.  Prof.  Dr.  Nehring,  of  Berlin,  distinguished  in  the 
material  sent  to  him  for  investigation,  several  small  rodents, 
moles,  hamsters,  mice  and  birds,  besides  some  fish  and  the  rein- 
deer. These  animals  indicate  largely  a connection  with  the 
Fauna  of  the  modern  arctic  and  sub-arctic  East  Russia  and  West 
Siberia.  At  the  time  they  dwelt  near  Schaffhausen  the  country 
must  have  been  poor  in  forest,  and  the  climate  equal  to  that  of 
the  above  mentioned  regions.  So  far  there  have  been  found  at 
this  place  remains  of  thirty-eight  distinct  animal  species,  while  at 
another  place  (Kessler  loch,)  near  it,  only  twenty-five  species 
could  be  distinguished. 

Immediately,  in  the  year  1891,  the  results  obtained  here  ex- 
cited great  interest  in  the  scientific  world,  for  the  objects  dis- 
covered are  among  the  most  important,  both  in  quality  and 
quantity,  of  the  epoch  of  the  West-European  ice-period.  The 
interest  in  the  excavations  has  spread  to  wider  circles  during  last 
year.  German,  French  and  Swiss  societies  have  made  them  the 
subjects  of  their  discussions.  Dr.  Nuesch  lectured  on  the  topic 
on  August  3d,  1892,  in  the  annual  convention  of  the  German 
Anthropological  Society  at  Ulm,  and  on  September  7th,  in  the 
Zoological  Section  of  the  General  Assembly  of  the  Swiss  Society 
of  Naturalists  at  Basel.  The  consequence  was  that  the  anthro- 
pologists and  archaeologists  of  the  different  countries  visited  the 
place  in  vast  numbers  last  summer.  Prof.  Boule  of  Paris,  among 
others,  visited  the  place  for  the  French  Government  and  stayed 
four  days  (Sept.  8-12,)  in  Schaffhausen  for  the  purpose  of  study- 
ing the  settlement  thoroughly,  and  to  be  able  to  compare  the 
reindeer  hunters  of  Schaffhausen  with  those  of  France  in  refer- 
ence to  their  culture,  their  customs  and  their  habits.  This  scientist 
was  specially  pleased  to  note  that  here,  as  in  the  French  settle- 
ments of  that  remote  period,  had  been  found  drawings  on  bones, 
antlers  and  stones,  as  such  drawings  and  carvings  had  been 
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known  in  France  for  upward  of  ten  years,  but  had  been  so  far 
put  in  question  by  German  scientists. 

Drawings  of  animals  have  not  been  found  as  yet  either  in  Ger- 
man, Belgian  or  English  caves,  such  as  the  reindeer  hunters  of 
France  and  Switzerland  had  executed  with  such  accuracy  and 
acuteness,  that  even  today  their  skill  must  be  admired,  especially 
so  since  this  art  of  drawing  seems  to  have  lost  itself  entirely 
among  the  lake  dwellers  and  their  posterity.  The  great  dispute 
among  the  German  and  French  scientists  in  questioning  the 
genuineness  of  drawings  of  the  reindeer-period — there  have  been 
about  300  found  so  far,  if  the  geometrical  figures  are  included — 
has  been  settled  in  favor  of  the  latter  by  the  newest  discoveries 
near  the  Schweitzerbild.  Yet,  it  still  remains  an  open  question 
in  anthropology,  how  it  is  possible  that  a propensity  and  talent 
could  be  developed  to  such  a degree  as  was  the  case  with  some 
reindeer  hunters,  and  then  again  disappear  without  another  trace. 

The  fact  that  a large  number  of  human  skeletons  were  brought 
to  light  in  the  neolithic  stratum,  as  above  mentioned,  stimulated 
the  interest  in  the  excavations  at  Schaffhausen  more  especially. 
At  the  convention  at  Ulm,  Professor  Dr.  Virchow  only  refused  an 
invitation  to  inspect  the  spot,  because  he  had  to  hasten  to  an  in- 
ternational anthropological  congress  in  Moscow.  But  on  the  23d 
of  September  that  eminent  scientist  appeared  in  Schaffhausen  and 
viewed  the  discovered  objects  and  the  place  of  excavation  most 
minutely;  and  what  he  saw  on  the  twenty-seven  tables  in  the  ex- 
hibition hall  in  Schaffhausen,  wrhere  all  the  artefacts  and  animal 
remains  are  arranged  according  to  strata,  as  wrell  as  at  the  spot 
itself,  excited  his  greatest  attention.  He  even  took  part  person- 
ally in  the  work  of  digging,  for  over  an  hour,  and  unearthed  in 
the  gray  stratum,  with  his  own  hands,  the  skeleton  of  a child, 
wrhich  had  also  received  a chain  of  Serpula  rings  at  its  burial. 
He  expressed  himself  very  flatteringly  about  the  careful  and  cir- 
cumspect management  and  arrangement  of  the  excavation,  as 
indeed  there  has  been  nothing  neglected,  which  is  needed  to 
protect  the  place.  It  was  fenced  in  and  watched  at  night,  the 
manager  often  sleeping  there  in  person  with  the  workmen  in  tents. 
Water  barrels,  sieves,  and  tables  to  dry  the  wrashed  objects  vrere 
right  there  and  helped  to  expedite  the  work.  Many  ground  plans 
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and  profiles  were  taken  and  the  most  important  objects  were 
photographed  in  their  places  and  original  position. 

On  the  side  of  the  cliff  the  strata  are  vertically  cut  and  are  easily 
discernable  to  the  visitor.  Each  of  the  strata  was  removed  and 
sifted  with  the  most  scrupulous  care;  neither  shovel  nor  pick  was 
used  to  unearth  the  objects  in  the  neolithic  stratum,  but  they  were 
loosened  with  specially  prepared  hooks  or,  mostly,  with  the  hands 
only,  then  washed,  cleaned,  brushed,  etc. 

This  settlement  belongs  to  the  epoch  of  the  last  ice  period,  as 
already  hinted  at — and  more  especially  toward  the  end  of  that 
period.  Dr.  Nehring  in  Berlin,  Prof.  Studer  in  Berne,  Prof. 
Heim  in  Zurich,  Prof.  Gutzwiller  in  Basel,  and  Prof.  Boule  in 
Paris,  all  agree  on  that  point,  and  judge  of  the  time  by  the  Fauna, 
by  the  remains  of  the  animals  and  the  erratic  stones,  which  the 
reindeer  hunters  must  have  fetched  from  the  moraine  of  the  Rhine 
glacier  near  by.  Consequently  the  region  around  Schaffhausen 
must  have  had  a similar  climate  to  that  of  Eastern  Russia  and 
Western  Siberia  at  the  present  time.  The  place  was  especially 
adapted  for  a human  settlement.  It  is  situated  on  a plateau,  be- 
tween two  long  and  very  considerable  valleys,  toward  each  ol 
which  it  is  depressed.  On  the  north  are  picturesque  mountains 
which  protect  it  from  the  rough  north  and  east  winds.  The  settle- 
ment is  not  in  a cave  but  entirely  open,  at  the  foot  of  the  cliffs ; 
it  covers  an  area  of  about  500  square  metres,  of  which  300  square 
metres  have  been  excavated.  The  height  above  the  level  of  the 
sea  is  470  metres,  whereas  the  Rhine  at  the  bridge  at  Schaff- 
hausen is  392  metres  above  the  sea. 

The  small  plateau  has  beautiful  green  meadows  in  summer  and 
the  surrounding  mountains  are  covered  with  a fine  forest.  The 
whole  is  a real  idyl,  a charming,  agreeable  spot,  which  pleases 
the  eye,  and  the  name  “ Schweitzerbild,”  which  the  people  have 
given  it,  fits  it  to  perfection,  since  it  is  a miniature  of  Swiss  scen- 
ery. It  is  plausible,  that  the  people  living  during  that  remote 
ice  period  found  an  adequate  refuge  here.  The  whole  of  Swit- 
zerland and  probably  the  heights  of  the  Black  Forest  were  still 
covered  with  glaciers,  as  well  as  the  low  valleys  of  Merishausen 
and  Herblingen.  The  fall  of  Schaffhausen  was  not  in  existence. 
The  Rhine  glacier  reached  to  the  castle  of  Laufenburg,  where 
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tremendous  layers  of  rock  stopped  its  advance  and  compelled  it 
to  flow  as  the  Rhine  through  the  Klettgau.  The  large  Rhine 
plain  between  Basel  and  Bingen  probably  formed  an  inland  sea. 

The  region  of  the  Schweitzerbild,  therefore,  was  a sunny  oasis 
in  the  midst  of  the  frosty  world  of  ice,  sought  by  man  and  beast, 
who  fought  here  the  fight  for  existence,  with  and  against  each 
other. 

What  thoughts  actuate  the  modern  explorer  when  he  tries  to 
penetrate  into  the  life  and  ways  of  those  long  past  generations 
of  immeasurable  periods  of  time ! Periods  which  are  counted 
by  the  many,  many  thousand  years.  Some  astronomers  place 
the  last  ice  period  not  less  than  200,000  years  back  of  our  pres- 
ent time.  Not  in  vain  does  science  attempt  to  bring  light  into 
their  mysterious  region,  for  in  the  images  of  the  past  is  the  future 
foreshadowed.  To  close,  it  is  to  be  mentioned  that  the  whole 
outcome  of  these  excavations,  which  will  be  continued  in  the 
Spring,  will  be  published  in  a scientific  work,  for  which  a number 
of  scientists  have  promised  their  collaboration  ; but  the  comple- 
tion of  that  work  will,  naturally,  take  some  time  on  account  of 
the  mass  of  material  that  needs  investigation  and  study  by 
specialists. 


HOW  A TECHNICAL  STUDENT  CAN  PROFITABLY  USE 
THE  COLLEGE  LIBRARY. 

Students  rarely  realize  the  fact  that  the  college  library  affords 
them  a better  opportunity  for  research  and  improvement,  than  will 
probably  ever  recur  in  the  busy  life  which  is  to  follow  the  day  of 
graduation.  A large  library,  selected  with  care,  is  a record  of 
the  accumulated  experience  of  all  the  ages.  One  generation  re- 
jects the  follies  of  those  preceding,  retains  that  which  is  good, 
and  on  the  permanent  printed  page  notes  the  reasons  for  its  con- 
clusions, and  suggests  modes  of  work  for  the  future,  whereby 
both  the  individual  and  the  race  may  attain  greater  happiness. 
The  shelves  of  the  library  contain  these  records,  from  the  old 
sheep-bound  tomes  in  antique  type,  printed  three  and  four  hun- 
dred years  ago,  down  to  the  modern  volumes  which  are  now 
published  almost  every  day  in  profusion.  Theology,  science, 
histories  of  nations  and  peoples,  fine  arts,  technology,  experi- 
ments, computations — all  these  and  more  are  placed  on  per- 
manent file,  open  to  him  who  can  find  and  read.  Around  the 
library  should  center  the  intellectual  activity  of  the  college,  for 
here  it  is  that  the  present  comes  in  contact  with  the  past  and 
builds  for  the  future. 

The  technical  student  may  advantageously  use  the  library  in 
two  way — first,  for  general  consultation  and  readings;  and  sec- 
ondly, for  special  consultation  and  research.  In  the  first  way, 
the  student  selects  for  his  reading  such  subjects  and  authors  as 
please  his  fancy,  both  literary  and  scientific,  his  selection  being 
guided  by  no  particular  intention.  In  the  second  way  he  has 
before  him  a definite  subject  upon  which  he  desires  the  fullest 
and  most  reliable  information,  in  order  that  he  may  be  able  to 
thoroughly  understand  what  has  been  done  in  the  past  concern- 
ing it  and  what  are  its  future  potentialities.  Both  these  methods 
are  certainly  important,  useful,  and,  when  properly  carried  on,  of 
the  highest  educational  value. 

The  young  man  who  has  the  privilege  of  wandering  at  will 
through  the  alcoves  of  a large  and  well  selected  library,  who  can 
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take  from  the  shelves  book  after  book,  glancing  at  titles  and 
prefaces,  reading  for  an  hour  when  suggestive  subjects  are  found, 
or  for  a few  moments  only  when  his  sympathy  is  not  aroused, 
enjoys  a rare  privelege.  Thus  it  is  that  inclinations  are  awakened 
toward  certain  lines  of  thought,  that  curiosities  are  excited  con- 
cerning matters  previously  almost  unknown,  and  that  often  a 
true  spirit  of  research  is  developed.  It  almost  seems  as  if  the 
student  who,  with  an  earnest  love  of  books,  follows  this  plan 
comes  into  contact  with  the  personalities  of  the  authors.  Let 
him  then  try  to  examine  the  works  of  masters,  of  those  whose 
opinions  and  methods  have  been  found  sound,  and  of  those  who 
have  impressed  the  world  by  their  utterences.  It  will  not  be 
always  possible  for  the  student  to  read  thoroughly  the  writings 
of  such  men,  but  he  should  not  therefore  pass  by  their  books. 
The  Principia  of  Newton  is  now  but  little  studied,  yet  it  is  one  of 
the  books  which  moved  the  intellectual  world,  and  every  college 
student  should  be  glad  to  turn  over  its  pages  for  an  hour  in  the 
endeavor  to  gain  a glimpse  of  the  methods  of  that  great  mind. 

Another  advantage  of  this  first  way  of  using  a library  is  that 
it  affords  opportunity  for  recreation.  No  one  wishes  to  read 
continually  upon  the  subjects  of  his  special  profession.  The 
busy  man  at  work  must  have  side  issues  to  which  he  turns  for 
refreshment  and  amusement.  Novels,  travels,  histories,  and 
polemics  afford  change  and  relaxation  from  the  regular  profes- 
sional reading  of  the  technical  man.  One  civil  engineer  amuses 
himself  with  the  study  of  sociology,  a second  becomes  interested 
in  the  archaeology  of  ancient  Egypt,  a third  reads  everything  to 
be  found  on  Arctic  exploration,  a fourth  collects  old  almanacs 
and  rare  Americana,  a fifth  is  a mineralogist,  and  here  and  there 
is  found  a metaphysician.  In  all  these  directions  and  many  others, 
the  college  library  affords  opportunities  to  the  student  which 
he  should  not  neglect  in  his  hours  of  leisure. 

But  this  article  was  mainly  undertaken  in  order  to  give  a few 
hints  to  the  technical  student  as  to  the  second  way  of  using  the 
library,  namely  for  special  consultation  and  research.  Cyclo- 
paedias and  text-books  furnish  general  outlines,  the  fundamental 
principles,  and  the  best  known  facts.  Technical  and  scientific 
journals,  and  the  transactions  of  societies,  contain  the  special 
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articles  which  record  the  investigations  themselves.  By  turning 
over  the  pages  of  these  periodicals,  or  using  the  indexes  of  the 
yearly  volumes,  the  information  sought  may  sometimes  be  found, 
but  this  is  a slow  and  uncertain  method,  for  the  number  of  vol- 
umes to  be  examined  will  usually  be  very  great.  It  is,  however, 
by  the  help  of  special  indices  and  bibliographies  that  such  inves- 
tigations are  most  advantageously  carried  on,  and  it  may  be  a 
benefit  to  some  students  if  a brief  account  of  those  most  impor- 
tant for  engineers  be  given. 

Besides  the  annual  indexes,  many  journals  and  transactions 
issue  subject  indexes  covering  periods  of  ten  or  twenty  years. 
There  is  a very  good  index  to  volume  I-XXI  of  Transactions  of 
the  American  Society  of  Civil  Engineers,  comprising  the  years 
1852-1889;  this  includes  both  authors  and  subjects,  arranged  in 
one  alphabet,  and  by  its  use  one  can  quickly  ascertain  if  any 
given  subject  has  been  discussed  in  the  volumes  covering  those 
years.  The  Proceedings  of  the  Institution  of  Civil  Engineers  have 
been  for  several  years  provided  with  what  is  called  “a  brief  sub- 
ject index,”  each  of  which  covers  all  the  volumes  issued  since 
1879.  Engineering  News  has  published  a general  index  of  the 
more  important  articles  in  its  volumes  for  the  years  1874-1890, 
inclusive. 

In  case  the  student  does  not  know  what  journals  to  consult,  it 
will  be  advisable  for  him  to  use  an  index  which  includes  the  con- 
tents of  a number  of  them.  An  Index  to  Engineering  Periodicals 
for  1883-1887,  inclusive,  by  Francis  E.Galloupe,  includes  eighteen 
of  the  most  prominent  American  and  English  journals,  and  the 
second  volume,  covering  the  year  1888-1892,  will  also  embrace 
the  transactions  of  engineering  societies.  Another  work  of  par- 
ticular value  is  the  Descriptive  Index  of  Current  Engineering  Lit- 
erature, published  by  the  Association  of  Engineering  Societies, 
the  first  volume  of  which  includes  the  years  1884-1891,  inclusive; 
this  gives  brief  notes  concerning  the  contents  of  the  different 
articles  which  will  prove  of  much  assistance  to  students,  and  it 
covers  a wider  range  of  periodicals  than  any  other  technical  in- 
dex except  Kerl’s  Repertorium.  The  numbers  of  the  Journal  of 
the  Association  of  Engineering  Societies,  published  monthly, 

give  regularly  lists  of  current  articles  which  are  later  to  be  gath- 
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ered  together  to  form  a second  volume  of  the  Descriptive  Index. 
Prof.  J.  B.  Johnson,  of  Washington  University,  St.  Louis,  who 
has  had  charge  of  this  Index  from  the  beginning,  in  1884,  has 
done  a work  of  great  value  to  the  engineering  profession. 

If  the  research  is  to  cover  the  widest  possible  field,  journals  in 
foreign  languages  must  be  consulted.  Kerbs  Repertorium  der 
Technisch.cn  Literatur,  published  annually  at  Berlin,  is  an  index 
of  the  most  important  engineering  periodicals  printed  in  English, 
French,  German  and  Italian.  The  titles  of  the  articles  are  given 
as  in  the  original,  but  the  classification  is  done  in  the  German 
language.  Still  a student  who  does  not  read  German  can  use  it 
very  well  with  a little  help  from  a technical  dictionary.  For  in- 
stance, if  he  is  in  search  of  articles  on  snow  plows,  he  must  first 
ascertain  the  German  word  for  snow  plow,  and  then  turning  to 
the  Repertorium  for  that  word  in  its  alphabetical  order  he  there 
finds  the  titles  of  a large  number  of  discussions,  with  references  to 
the  volumes  and  pages  of  the  journals  where  they  appeared. 
This  Repertorium  extends  back  to  the  year  1853,  and  is  preceded 
by  a single  volume,  edited  by  Schubarth,  which  covers  the  years 
1800-1853. 

A most  useful  collection  of  titles  of  articles,  classified  according 
to  authors,  is  the  Royal  Society  Catalogue  of  Scientific  Papers,  of 
which  volumes  I-VI  cover  the  years  1800-1863,  and  volumes 
VII-VIII  the  years  1864-1873.  This  is  limited  to  pure  science, 
and  hence  does  not  contain  technical  articles  written  from  a utili- 
tarian point  of  view.  As,  however.,  the  student  of  engineering  is 
as  often  in  search  of  mathematical  or  physical  investigations  as 
of  practical  economic  discussions,  this  catalogue  will  prove  of 
constant  value  in  his  use  of  the  library. 

Two  very  valuable  publications  are  the  annuals  Die  Fortschritte 
der  Mathematik  and  Die  Fortschritte  der  Physik,  the  former  now 
embracing  twenty  and  the  latter  forty-two  volumes.  These  give 
not  only  the  titles  of  articles  appearing  on  the  subjects  of  math- 
ematics and  physics  in  all  languages,  but  also  statements  of  their 
contents  or  conclusions.  By  the  use  of  these  the  student  is  able 
to  gain  glimpses  of  the  problems  which  scientists  all  over  the 
world  are  endeavoring  to  elucidate,  together  with  their  methods 
of  work  and  the  conclusions  which  they  have  reached.  These 
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publications  index  and  review  books  as  well  as  papers  in  period- 
icals. 

There  are  no  publications,  unless  it  be  the  catalogues  of  book- 
sellers, which  index  and  classify  books  and  pamphlets  over  the 
entire  field  of  engineering.  There  are  very  few  lists  of  bibliographies 
devoted  to  special  departments,  although  such  are  of  the  greatest 
value  in  forming  a comprehensive  view  of  the  special  literatures. 
Geodesy  and  surveying,  however,  are  well  provided  for  in  the  excel- 
lent Bibliography  of  Geodesy , by  Prof.  Gore,  published  in  the 
Report  of  the  U.  S.  Coast  and  Geodetic  Survey  for  1887,  while 
annual  lists  for  later  years  may  be  found  in  the  columns  of  Zeit- 
schrift  fur  Vertncrsungswesen.  The  American  Society  of  Civil 
Engineers  has  published  a list  of  186  pages  of  titles  of  books  and 
pamphlets  which  are  found  in  its  library  on  the  subject  of  rail- 
roads. But  what  has  been  done  is  very  little  compared  with 
what  remains  to  be  done.  It  is  to  be  hoped  that  the  conference 
on  engineering  education  to  be  held  next  August  at  Chicago,  in 
connection  with  the  engineering  congresses,  may  have  this  sub- 
ject before  it  for  discussion,  and  that  some  plan  of  cooperation 
may  be  devised  which  will  produce  for  technical  students  a com- 
prehensive index  catalogue  which  shall  be  both  a trustworthy' 
guide  and  a source  of  inspiration  in  their  researches. 

In  conclusion  let  me  give  to  every  young  man  who  has  the 
privilege  of  using  a large  library  the  hint  that  it  is  almost  as 
important  to  know  where  knowledge  can  be  found  as  it  is  to  be 
in  possession  of  it.  In  a certain  sense  it  is  more  important,  for 
no  one  can  gain  a thorough  knowledge  of  even  a single  specialty' 
in  these  days  of  rapid  discoveries,  yet  if  he  knows  how  to  find  in- 
formation and  to  use  it,  he  can  have  many  specialties  at  his 
command. 


“ Index  learning  turns  no  student  pale. 

Yet  holds  the  eel  of  science  by  the  tail.” 

M.  M. 


NOTES  ON  ROPE  DRIVING. 

BY  J.  J.  FLATHER. 


PART  II. 

It  was  stated  in  the  first  part  of  these  Notes  that  the  differential 
driving  effect  was  one  of  the  principal  causes  of  wear  in  a rope 
and  a large  factor  in  the  loss  of  power  transmitted ; and  that  to 
reduce  this  to  a minimum,  ropes  should  be  of  the  same  make  and 
degree  of  hardness,  of  uniform  diameter,  similarly  spliced,  having 
the  same  amount  of  sag,  and  run  over  grooves  of  uniform  diam- 
eter. It  is  evident  that  in  practice  it  would  be  impossible  to 
maintain  these  conditions,  even  if  it  were  practicable  to  overcome 
the  mechanical  difficulties  and  install  a plant  under  the  given  re- 
quirements. 

To  prevent  this  slip  and  consequent  wear  of  the  rope  and 
groove,  and  to  equalize  the  tension  in  each  member,  Mr.  John 
Walker,  of  Cleveland,  has  patented  a differential  driving  pulley 
with  loose  grooved  rings  in  its  rim. 

Originally  intended  for  cable  railway 
machinery  where  the  wear  on  the 
drums  due  to  the  wire  cable  is  exces- 
sive, the  differential  principle  has  been 
extended  to  other  uses  — notably  ele- 
vator sheaves  and  rope  transmission 
pulleys. 

In  the  latter  the  rope  is  led  over  a 
number  of  separate  rings,  Fig.  3, 
adapted  to  turn  loosely  and  independently  of  each  other  on  the 
smooth  circumference  of  the  drum. 

While  the  rope  is  passing  over  the  pulley  the  tendency  of  the 
rings  will  be  to  adjust  themselves  to  the  strain  in  each  member  by 
moving  around  the  circumference  of  the  drum;  thus  the  driving 
tension  is  equalized  and  each  rope  is  brought  to  do  its  own  share 
of  the  work  without  slipping  in  its  groove.  These  rings  have  a 
diametrical  friction,  due  to  the  pressure  of  the  rope  in  the  groove 
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transferred  to  the  flat  surface  of  the  drum;  the  combined  friction 
of  the  several  rings  being  sufficient  to  drive  the  rope,  or  pulley, 
as  the  case  may  be. 

As  rope  driving  has,  until  recent  years,  been  a matter  largely 
of  experiment,  and,  moreover,  as  the  conditions  under  which  the 
systems  were  installed  have  been  so  varied,  it  is  not  surprising  to 
find  many  cases  where  the  ropes  have  been  rapidly  worn  out  and 
replaced  by  leather  belting  or  other  systems  of  transmission. 

Actual  experimental  knowledge  has  been  obtained  slowly,  on 
account  of  the  varying  periods  required  to  determine  the  data;  a 
good  rope  lasting  from  three  to  six  years,  and  a poor  rope,  not 
properly  arranged  for  the  work,  wearing  out  in  as  many  days. 
In  many  of  the  early  applications,  so  great  a strain  was  put  upon 
the  rope  that  the  wear  was  rapid,  and  success  only  came  when 
the  work  required  of  it  was  greatly  reduced.  As  previously 
noted,  the  size,  form  and  condition  of  the  pulley  sheave  bears  an 
important  part  in  the  life  and  efficiency  of  a rope ; so  that  at  the 
present  time,  with  the  results  of  actual  trial  before  us,  the  con- 
ditions which  will  secure  reasonable  efficiency  and  durability  are 
approximately  known.  According  to  Mr.  Charles  W.  Hunt,*  of 
New  York,  plants  which  have  been  successful,  as  well  as  those  in 
which  the  wear  of  the  rope  was  destructive,  indicate  that  200 
pounds  on  a rope  one  inch  in  diameter  is  a safe  and  economical 
working  strain. 

Unwin  assumes  a breaking  strength  on  untarred  ropes  of  from 
7000  to  10,000  pounds  per  square  inch,  depending  to  a certain 
extent  on  the  amount  of  twist  given  to  the  rope. 

Assuming  a working  factor  of  8,  the  working  strength  would 
thus  become  about  1200  pounds  per  square  inch  of  section  or 
750  pounds  for  a rope  one  inch  in  diameter,  but  this — in  the  light 
of  more  recent  knowledge — is  much  too  high  when  the  wear  and 
friction  of  the  bearings  and  ropes  are  taken  into  account. 

Recent  tests  of  American  ropes  show  an  average  breaking 
strength  of  about  7100  pounds  for  ropes  one  inch  in  diameter. 
The  cross-section  of  a three-strand  rope  in  which  d1  is  the  diame- 
ter of  a single  strand,  is  3 \-d* ),  whence  </,  bears  the  following 
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relation  to  the  diameter,  d,  of  the  circumscribing  circle: 

d = dt  ( i -f—  1 )=  2.15  dx;  from  which  we  obtain  the  cross- 

\ cos  300/ 

section  a = 3T—  (——)  "1  = d 2. 

JL4\2.i5/  J 6.16 

On  account  of  the  spiral  twisting  of  the  strands  and  their  com- 

7 r 

pression  upon  each  other,  this  may  be  taken  equal  to  — d2,  that 

is,  we  may  assume  that  the  sectional  area  of  a hawser-laid  rope  is 
equal  to  about  eight-tenths  of  the  area  of  the  circumscribing  cir- 
cle. This  would  give  a breaking  strain  for  the  above  ropes,  per 
square  inch  of  section,  of  about  11,000  pounds.  Following  the 
deductions  of  Mr.  Hunt,  that  200  pounds  should  be  allowed  as 
the  working  strain  on  a manila  rope  one  inch  in  diameter,  we  note 
that  the  normal  working  strain  is  about  one  thirty-fifth  of  the 
ultimate  strength.  As  the  splice  will  weaken  the  rope  from  25 
to  30  per  cent.,  this  would  make  the  normal  working  strain  about 
one  twenty-fifth  of  the  strength  of  the  splice.  The  actual  strains 
are,  however,  generally  considered  to  be  much  greater,  due  to 
vibrations  in  running,  imperfect  tension  mechanisms,  defects  in 
construction  and  other  causes. 

From  data  furnished  by  the  manufacturers  of  rope  belting,  Prof. 
Unwin  showed,  from  cases  in  practice,  that  the  difference  of  ten- 
sion on  the  two  portions  of  the  rope  is  equal  to  75  to  8od2,  that  is  : 
Tt  — T2  = P — 7J  to  8od2, 
where  Tz  = tension  on  driving  side  of  rope 
T2  = tension  on  slack  side  and, 

P — driving  force. 

T 

It  can  be  shown  (see  page  90,)  that  the  value  of  the  ratio-— 

varies  from  1^  to  2^  in  ordinary  practice,  depending  upon  the 
speed  of  the  rope,  the  coefficient  of  friction,  and  the  arc  of  con- 
tact between  rope  and  pulley. 

If  we  assume  an  average  value  of  2.25  we  shall  obtain 
T1  — 2.25  X 75  to  8od2  or 
Tz  = 168  to  180  d2 

a value  we  have  assumed,  somewhat  less  than  that  w'hich  Mr. 
Hunt  gives. 
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Reuleaux,  in  his  more  recent  notes  on  rope  driving,  assumes 
350  pounds  per  square  inch  of  section  for  the  working  strength 
of  hemp  rope;  the  section  being  taken  as  that  due  to  the  full  out- 
side diameter  of  the  rope. 

The  ropes  most  commonly  found  in  use  are  from  inch  to 
1 inches  in  diameter,  although  smaller  sizes  are  frequently  em- 
ployed with  good  results ; in  one  case,  cited  by  Mr.  T.  S.  Miller,* 
a rope  no  larger  than  i3s  inch  diameter,  is  used  very  satisfactorily 
to  transmit  20  horse-power. 

In  Germany  larger  sizes  are  used — in  ordinary  cases  the  ropes 
will  vary  from  xyi  to  2^4  inches  in  diameter,  but  as  a rule  the 
larger  diameters  of  rope  are  not  as  economical,  either  in  first  cost 
or  maintenance.  Rather  than  adopt  such  large  diameters  it  will 
generally  be  found  more  advantageous  to  use  a greater  number 
of  small  ropes  over  wider  pulleys,  or  else  to  run  the  latter  at  a 
higher  velocity  or  greater  tension  and  replace  them  more  fre- 
quently. 

With  a given  velocity  of  driving  rope,  the  weight  of  rope  re- 
quired for  transmitting  a given  horse-power  will  be  the  same 
irrespective  of  diameter  of  rope.  The  smaller  rope  will  require 
more  parts,  but  the  weight  will  be  the  same.  The  relation  be- 
tween the  ultimate  strength,  weight  per  foot  of  length,  working 
strain,  and  the  diameter  of  rope  may  be  ascertained  from  the  fol- 
lowing equations,  which  have  been  deduced  from  the  previous 
assumptions : 

Let  d — diameter  of  rope  in  inches ; 

W = weight  of  rope  in  pounds  per  foot ; 

B — breaking  strain  ; 

T — working  strain  ; 
then  W—  0.32  d 2 
B = 7000  d2 
T — 200  d2 

In  determining  the  horse  power  which  a rope  will  transmit  un- 
der given  conditions,  the  centrifugal  force  due  to  the  velocity  and 
weight  of  rope  is  an  important  factor  and  should  be  considered 


* Trans.  A.  S.  M.  E.,  1881. 
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in  all  cases,  as  with  high  velocities  the  loss  of  power  from  this 
cause  is  very  great. 

The  centrifugal  force  in  any  case  can  be  determined  from  : 


K = 


w R dec  v2 

-J—R 


wv2 


where  iv  = the  weight  of  rope  per  unit  length ; dec  = angular 
measure  of  a unit’s  length  on  circumference  of  pulley  ; 

R — radius  of  pulley. 

In  terms  of  the  diameter  of  rope  this  would  give,  per  unit's 


length, 


c-  O.32  v 2 d2 

o /• 

32.16 


v2  d2 
IOO 


nearly. 


At  a speed  of  about  ninety  feet  per  second,  the  centrifugal 
force  increases  faster  than  the  power  from  increased  velocity  of 
the  rope,  and  at  140  feet  per  second  this  force  equals  the  assumed 
allowable  tension  in  the  rope,  viz.,  200 d2  pounds.  Computing 
this  force  at  various  speeds,  and  then  subtracting  it  from  the 
assumed  maximum  working  tension,  there  is  obtained  the  force 
available  for  transmission  of  power.  The  whole  of  this  force, 
however,  cannot  be  used,  because  a certain  amount  of  tension  on 
the  slack  side  of  the  rope  is  necessary  for  adhesion  to  the  pulley. 
This  tension  is  uncertain,  as  there  are  no  conclusive  experiments 
which  give  reliable  data  for  its  determination : the  coefficient  of 
friction,  9,  as  stated  by  various  authorities,  varying  all  the  way 
from  0.075  UP  t°  0.88. 

Reuleaux  quotes  the  experiment  of  Leloutre  and  others  as 
indicating  a value  of  0.075  f°r  cylindrical  pulleys  with  new  hemp 
rope,  0.088  for  semi-circular  grooves,  and  0.15  for  a wedge 
groove  of  6o°. 

Experiments  by  the  Messrs.  Pearce  Bros,  of  Dundee,  give  a 
value  of  9 equal  to  0.57  to  0.88  for  ropes  on  ungreased  pulleys, 
and  <p  = 0.38  to  0.41  when  the  pulleys  are  greased. 

Unwin  states  that  the  coefficient  of  friction  for  ropes  on  a flat 
metal  pulley  is  equal  to  0.28,  from  which  the  actual  coefficient  for 
a grooved  pulley  is  obtained  by  multiplying  0.28  by  the  cosec.  of 
half  the  angle  of  the  groove.  For  an  angle  of  45 0 this  would 
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give  ^ = 0.72.  These  latter  values  are  probably  very  much 
higher  than  is  ordinarily  found  in  recent  practice  with  well 
lubricated  ropes. 

From  a consideration  of  the  various  experiments,  and  many 
cases  of  successful  rope  drives  it  would  appear  to  the  writer  that, 
for  ropes  which  are  partly  worn  and  sufficiently  lubricated  to 
wear  well,  a value  of  0.12  for  a flat  surfaced  metal  pulley  would 
enable  a working  coefficient  to  be  determined. 

?o° 

For  a groove  of  jo°  this  would  give^,  = 0.12  cosec.  = ./) 6 


45 


6o° 


$ = .12  cosec. 


0 = .12  cosec. 


j/ 

2 

6o° 

— = -24 


If  the  arc  of  contact  on  smaller  pulley,  and  the  coefficient  of 
friction  between  rope  and  sheave  are  known,  the  tension  on  slack- 
side  of  the  pulley,  and  hence  the  horse-power  transmitted  can  be 
readily  determined  from  the  following  considerations.*  Assum- 
ing as  before  that  the  driving  force  A is  equal  to  the  difference  in 
tension  Tz  on  the  driving  side  of  the  rope  and  71,  on  the  driven 
side,  and  noting  that  the  driving  force  must  equal  the  friction  F 
between  the  surfaces,  we  obtain 

Tz  — T2  = P=F. 

The  friction,  F,  depends  upon  the*arc  of  contact  oc  between  the 
rope  and  its  sheave,  the  coefficient  of  friction  0 and  upon  the 
centrifugal  force  F0,  set  up  in  the  rope,  due  to  its  velocity  and 
weight. 

To  determine  the  values  of  F,  Tz  and  T '2,  it  will  be  necessary  to 
assume  a given  tension  in  the  rope,  also  its  speed  and  weight, 
coefficient  of  friction  and  arc  of  contact. 

Let  N = stress  in  rope  at  any  point  on  the  pulley. 


T - 


allowable  working  tension. 


f = abbreviation  for 


w v 2 F0 
g~T=T 
w = weight  of  rope  one  foot  long. 


See  Reuleaux,  § 264,  also,  Prof.  Klein’s  Notes  on  Machine  Design. 
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v = velocity  of  rope  in  feet  per  second. 

The  centrifugal  force  of  an  element  of  the  rope  is : 

F0  = — ^ v*  c/a  =/  5 c/a  . 

g T 

As  the  pressure,  p,  on  the  sheave  is  diminished  by  the  centri- 
fugal force,  and  as  the  difference  in  the  tension  of  two  consecutive 
elements  of  the  rope  just  equals  the  friction  we  have 

d S=<j>  (p — F0) 

hence  d S = <j>  (S  c/a  — f S dcx  ) = S <j>  (i—f)  c/a 

or~£  =’*  (f—f) 


Integrating, 


X 


2 

T 

hyp-  loS-  = 0 (!— /)a 


from  which  we  obtain, 

Tt 


T, 


= e<P*  (i  —f) 


or 


G = T.  ( 


J*  u—f) 


in  which  f is  the  base  of  hyp.  log.  = 2.7183, 
therefore  T,  — T,  = P = T,  ( F (/_/)  ) — T, 

=r.  (/“ 


T 

If  we  assume  — - = r we  obtain 

T2 

r _ 7\ 


r — i Tt—T2 


h 

P 


These  ratios,  r and , Reuleaux  calls  the  friction  modulus 

r — 1 


and  the  stress  modulus  respectively. 

As  the  weight  of  a manila  rope  one  foot  long  = 0.32  c/2, 
the  value  of f for  varying  speeds  can  be  determined  from: 
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f TV  V2  0.0 1 d2  V2  _ 

1 ~ YT  t ; 

if  now  we  assume  a constant  working  stress  T — 200  d2,  then 
0.0 1 d2  v2 


/ = 


200  d2 


0.00005  v2 


From  these  assumptions  the  following  table  of  the  values  of 
1 — -f  has  been  computed: 


Velocity  in  feet 
per  min. 

Values  of 
i-/- 

Velocity  in  feet 
per  min. 

Values  of 

1-/ 

2000 

0.94 

5500 

0.58 

2500 

•9i 

6000 

.50 

3000 

.87 

6500 

.41 

3500 

■83 

7000 

•32 

4000 

.78 

7500 

.22 

4500 

.72 

8000 

.11 

5000 

.65 

8500 

.O 

Table  I. — values  of  i — f for  a working  stress  equiva- 
lent to  200 d.2  pounds. 


Since  f = it  will  be  seen  from  the  above  that  when  the 

velocity  of  the  rope  is  as  great  as  8500  feet  per  minute,  the  cen- 
trifugal force  just  equals  the  allowable  working  stress. 

In  average  work  the  lesser  arc  of  contact  embraced  by  the 
rope — generally  on  the  smaller  pulley — will  be  about  0.9  - , and 
this  value  may  be  assumed  for  approximate  calculations  with  a 
working  degree  of  accuracy.  If  the  angle  in  degrees  is  known, 
its  value,  oc , in  circular  measure,  can  be  obtained  from  the  follow- 
ing table : 


Degrees. 

Circular  Measure, 
oc 

Fraction  of 
Circumference. 

105 

1.83 

0.29 

120 

2.09 

•33 

135 

2-35 

•37 

150 

2.62 

.42 

165 

2.88 

.46 

180 

3-14 

.50 

195 

3-43 

•54 

210 

3.66 

•58 

Table  II. — angle  embraced  by  rope. 


9o 


Notes  on  Rope  Driving. 


If  we  now  assume  the  coefficient  of  friction  ^ to  be  0.31  for  a 
45°  groove  we  may  obtain  the  value  of  the  expressions: 


7; 


T% 

T, 

P 


l = e<t>a'p— f)  and 


r 

r — 1 


In  order  to  simplify  calculation  the  following  table  contains 
T 

values  of  r and  ^ which  will  enable  the  horse-power  transmit- 
ted by  a rope  to  be  determined  with  a degree  of  accuracy  depend- 
ing upon  the  assumption  of  the  coefficient  of  friction. 


<l>  cx  (1  — f) 

II 

r _T 1 

r — 1 P 

0.1 

1. 1 1 

10.41 

0.2 

1.23 

5.40 

0.3 

i-35 

3.86 

0.4 

1.49 

303 

0.5 

1.65 

2.54 

0.6 

1.82 

2.22 

0.7 

2.01 

1.99 

0.8 

2.22 

1.82 

0.9 

2.46 

1 .69 

1.0 

2.72 

1.58 

1. 1 

3 00 

1.50 

1.2 

332 

143 

1-3 

367 

i-37 

i-4 

4.06 

i-33 

1-5 

4.48 

1.29 

Table  III. — friction  and.  stress  moduli. 


The  following  application  will  show  the  use  of  the  tables.  Let  it 
be  required  to  determine  the  horse-power  transmitted  by  a rope 
1 inches  diameter  running  at  a velocity  of  4000  feet  per  minute 
over  a pulley  with  45 0 grooves.  Assuming  an  arc  of  contact  of 
165°  we  find  from  Table  II  oe  = 2.88;  for  the  required  velocity, 
4000  feet  per  minute,  Table  I gives  0.78  as  the  value  of  I — -ft 
therefore  assuming  the  coefficient  of  friction  9 = .3 1 we  obtain  : 


9 a (1  —f)  — O.31  X 2.88X78  - .69. 

T 

From  Table  III  the  value  of corresponding  to  0.69  is  about 
1.99,  and  as  = 200  d*  = 312.5  we  find 
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T . PV 

P = — --=159  lbs.;  since = HP  there  is  obtained 

1.99  33000 

HP=  1 59X4000  lg 
33000 

For  any  special  case  where  the  data  are  known  or  may  be  de- 
termined, the  formulas  and  tables  already  given  should  be  used 
to  ascertain  the  horse-power  transmitted  or  diameter  and  number 
of  ropes  required  for  a certain  work  as  the  case  may  be.  For 
average  work,  however,  it  will  be  found  that  the  assumed  values 
of  oc  and  <t>  previously  noted,  will  give  very  satisfactory  results, 
and  upon  these  assumptions  the  writer  has  computed  the  follow- 
ing Table  of  Horse-Power  for  various  sized  ropes,  running  at 
varying  speeds. 


Velocity  of  rope  in 
feet  per  minute. 

Diameter  0 

rope. 

% 

Ya, 

I 

1 Y* 

2 

2000 

2.7 

3-8 

6.8 

10.7 

15-4 

20.9 

27-3 

2500 

3-3 

47 

8.4 

i3-i 

18.8 

25.6 

33-5 

3000 

3-8 

5-5 

97 

15.4 

21.8 

29.7 

38.9 

3500 

4-3 

6.2 

1 1. 1 

17-3 

24.9 

340 

44-3 

4000 

47 

6.8 

12. 1 

18.9 

27-3 

37-2 

48.6 

4500 

5-0 

7.2 

12.9 

20.1 

29.0 

394 

51.6 

5000 

5-2 

7-4 

13-3 

20.7 

29.9 

40.6 

53-i 

5500 

5-2 

7.6 

>3-5 

21. 1 

30-4 

41.4 

54.1 

6000 

5-' 

7-3 

13.0 

20.3 

29-3 

398 

52.1 

7000 

4-i 

5-9 

10.5 

16.5 

237 

32.3 

42.2 

Table  IV. — horse-power  transmitted  by  ropes. 


The  graphic  representation  of  these  values  shows  very  clearly 
the  effect  of  centrifugal  force  in  diminishing  the  power  transmit- 
ted under  an  assumed  working  tension,  and  would  indicate  that 
with  tensions  of  200  d2  pounds  the  speed  should  not  exceed  55°° 
feet  per  minute. 
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DIAGRAM  OF  HORSE-POWER  TRANSMITTED  BY  ROPES  WITH  MAXIMUM 
TENSION  = 200  <r/2  POUNDS. 


A DESCRIPTION  OF  THE  TIMBER  DRY- DOCK  UNDER 
CONSTRUCTION  AT  PORT  ROYAL,  S.  C. 

A dry-dock  is  an  artificial  basin  or  inclosure  supplied  with 
gates  for  the  admission  of  ships,  and  with  pumps  for  emptying 
the  dock  when  the  vessels  have  been  admitted  and  the  gates 
closed. 

The  essential  features  of  a dry-dock  are:  First,  a basin  large 

and  deep  enough  to  admit  vessels  of  the  draught  for  which  it  is 
designed.  Second,  a gate  so  constructed  as  to  be  readily  opened 
and  closed,  and  yet  fitting  snugly  enough  to  keep  out  the  water 
when  the  dock  is  empty.  Third,  a pumping  plant  of  sufficient 
capacity  to  empty  the  dock  in  a reasonable  length  of  time. 

Considering  these  features  in  their  order,  we  have  : 

I. — The  Basin. 

The  basin  of  this  dry-dock  may  be  described  in  general  terms 
as  a timber-lined  hole  in  the  ground,  for  the  top  of  the  finished 
structure  is  about  on  a level  with  the  surface  of  the  ground.  The 
depth  of  this  hole  from  surface  to  sub-grade  of  the  floor  is  38 
feet;  its  width  at  sub-grade  60  feet,  at  the  surface  126  feet;  its 
length  from  the  head  or  in-shore  end  to  the  sea  is  550  feet. 

The  lining  or  timbering  of  this  cavity  is  of  hard,  long  leaf 
yellow  pine,  firmly  secured  to  a foundation  of  over  6000  long 
leaf  yellow  pine  piles,  arranged  as  shown  on  the  accompanying 
plan,  Fig.  1.  The  gate  sills,  keel,  and  bilge  blocks  are  of  oak. 
All  timber  exposed  to  the  attack  of  the  ship-worm  ( teredo  navalis 
and  limnoria)  or  the  weather,  is  impregnated  with  fourteen  pounds 
of  creosote  oil  to  the  cubic  foot  of  timber. 

The  general  appearance  of  the  finished  structure  is  that  of  an 
immense  coffin,  of  which  the  gate  forms  the  foot,  while  the  head 
and  sides,  instead  of  being  vertical,  rise  at  an  angle  of  45 0 from 
the  floor  of  the  dock  to  the  surface  of  the  ground. 

So  much  for  the  general  description  of  the  basin.  Before  con- 
sidering the  structure  more  in  detail,  it  would,  perhaps,  be  well 
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to  enumerate  the  problems  to  be  solved  in  its  design  and  con- 
struction. 

1.  The  whole  basin  must  be  sufficiently  water  tight  to  keep 
ground-water  from  freely  leaking  into  the  dock  when  it  is  empty, 
and  the  water  in  the  full  dock  from  leaking  out.  Such  an  in  and 
outflow  would  soften  and  undermine  the  banks,  and  tend  to  pro- 
duce sliding  and  caving,  besides  adding  to  the  cost  oi  pumping 
leakage  when  the  dock  is  empty. 

2.  The  sides  must  be  designed  to  withstand  the  thrust  of  the 
water  when  the  dock  is  full,  the  thrust  of  the  banks  when  the 
basin  is  empty,  and  the  pressure  of  the  sea  on  the  gate,  trans- 
mitted through  the  sill  to  the  sides,  when  there  is  no  water  in  the 
dock. 

3.  The  bottom  of  the  dock  must  be  strong  enough  to  bear 
the  entire  weight  of  a ship  concentrated  along  a narrow  strip 
down  the  middle  of  the  dock  floor. 

Fig.  I is  a general  plan  of  the  dock  basin.  The  portion  above 
the  axial  line  represents  the  finished  dock,  while  the  lower  half 
shows  the  spacing  of  the  piles,  and  the  arrangement  of  the  floor 
timbers. 

The  general  structure  of  the  dock  shows  the  piles  in  rows  or 
bents  four  feet  apart,  centre  to  centre,  extending  transversely 
across  the  basin.  Each  of  these  bents  carries  the  timbers  form- 
ing what  might  be  termed  a rib  of  the  dock.  These  ribs  con- 
stitute the  frame-work  of  the  basin.  Their  structure  is  more 
clearly  represented  in  Fig.  2,  which  is  a transverse  section 
through  the  dock,  and  shows  the  construction  of  one  side  and 
one-half  of  the  floor,  the  other  side  and  the  remainder  of  the 
floor  being  exactly  similar  in  design. 

Each  “ rib,”  as  shown  in  Fig.  2,  readily  divides  itself  into  three 
parts, — viz.:  1.  The  “ cross-caps  ” or  horizontal  timbers  on  each 
side  of  the  dock  just  below  the  surface  of  the  ground.  2.  The 
“ altar  stringers  ” or  steps  which  form  the  sides  of  the  dock.  3. 
The  “ floor  stringer,”  on  which  the  floor  rests. 

The  “ cross-caps  ” on  each  side  consist  of  two  6"x  12"  timbers 
twenty-four  feet  long,  which  are  securely  bolted  through  tenons 
cut  on  the  five  “ brace  piles,”  as  shown  on  Fig.  2.  On  the  fourth 
row  of  brace  piles  from  the  edge  or  “coping”  of  the  dock,  is 
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shown  a section  of  a line  of  5x10  inch  sheet  piling,  tongued  and 
grooved  and  driven  around  the  entire  basin  to  as  great  a depth  as 
practicable,  for  the  purpose  of  shutting  out  ground  water  from 
the  excavation,  and  preventing  the  banks  from  caving  and  sliding. 
The  “ brace  piles,”  in  addition  to  stiffening  the  banks,  form  an 
anchor  for  the  altar  stringers,  to  which  they  are  tied  by  the  “lower 
braces.”  Each  lower  brace  is  made  up  of  two  6x12  inch  timbers 
bolted  through  the  piles  with  1 inch  screw  bolts.  Shown  in 
plan  and  elevation  in  Fig.  2. 

Each  “altar  stringer”  consists  of  two  6x12  inch  timbers  bolted 
through  tenons,  cut  on  the  altar  piles,  with  1 inch  screw  bolts 
20  inches  long. 

A layer  of  well  rammed  clay  puddle  two  feet  thick,  extending 
around  the  entire  dock  reaches  to  the  upper  face  of  the  altar 
stringers.  This  is  intended  to  keep  any  ground. water,  which  may 
have  passed  the  sheet-piling,  from  entering  the  dock. 

Upon  the  altar  stringers,  a sheathing,  made  of  alternate  3x12 
and  4x12  inch  planks,  is  securely  spiked.  This  sheathing  is 
shown  to  a larger  scale  in  Fig.  3,  which  represents  an  enlarged 
section  through  the  altars. 

In  the  same  figure,  the  carriage  blocks  one  foot  wide,  are  shown 
fastened  to  the  sheathing  and  altar  stringers  with  a half-inch  drift- 
bolt  15  inches  long.  These  blocks  occur  only  at  every  other  altar 
stringer,  and  are  hence  eight  feet  apart,  measured  horizontally. 
When  a carriage  block  comes  over  a three-inch  plank  of  the 
sheathing,  a filling  block  one-inch  thick  is  used  to  give  the  blocks 
an  even  bearing.  Shown  in  Fig.  3. 

Upon  these  carriage  blocks  the  altars,  consisting  simply  of  9 x 
12  inch  timbers,  are  fastened  as  shown  in  Fig.  3,  with  half-inch 
drift-bolts  15  inches  long.  The  altars  are  laid  on  their  12  inch 
face  one  above  the  other,  each  lapping  over  the  next  lower  end 
by  two  inches,  thus  forming  a series  of  steps  with  9 inch  risers 
and  ten  inch  treads  from  the  floor  of  the  dock  to  the  coping,  and 
extending  around  the  entire  basin  clear  to  the  gate.  The  space 
between  the  back  of  the  altars  and  the  sheathing  is  filled  with  tar 
concrete  well  rammed  to  fill  all  interstices. 

The  tar  concrete  is  made  by  mixing  hot,  dry  sand  and  gravel 
with  boiling  tar  in  the  proportion  of  one  barrel  of  tar  to  a cubic 
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yard  of  sand.  The  mixture  is  placed  while  hot,  as  it  becomes 
crumbly  when  cold. 

In  considering  the  construction  of  the  dock  floor,  it  will  be 
noticed  that  the  floor  piles  near  the  axial  line — marked  “ keel 
piles’'  in  Fig.  2 — are  driven  close  together,  and  are  cut  off  14 
inches  below  the  other  floor  piles.  These  nine  keel  piles  are 
capped  with  a “sub-stringer”  14  x 16  inches,  13  feet  long,  which 
is  securely  spiked  to  them  by  long  drift  bolts. 

The  main  floor  stringer,  14  x 16  inches  in  section,  is  made  of 
two  pieces  spliced  as  shown,  and  extends  between  the  toes  of 
opposite  altar  stringers  across  the  dock  floor.  It  rests  directly 
upon  the  sub-stringer  and  floor  piles,  and  is  fastened  to  them  with 
drift  bolts.  In  the  main  portion  of  the  dock  (see  Fig.  1,)  piles 
are  driven  between  the  main  bents  forming  short  intermediate 
bents  of  five  piles  each.  These  are  capped  with  a 14x16  inch 
timber  13  feet  long,  laid  with  its  top  on  a level  with  the  upper 
surface  of  the  main  floor  stringers. 

All  of  the  floor  stringers  are  bedded  in  a layer  of  shell  concrete 
three  feet  thick  reaching  to  the  upper  surface  of  the  intermediate 
and  main  floor  stringers.  The  drainage  gutters,  shown  in  Fig.  2, 
on  each  side  at  the  foot  of  the  altars,  are  formed  in  this  concrete, 
and  are  designed  to  carry  all  leakage  to  the  pump  well.  The 
relief  valves  (Fig.  1)  at  the  sides  of  these  gutters  are  attached  to 
terra-cotta  pipes,  extending  through  the  concrete  and  puddling, 
which  afford  an  outlet  for  the  water  which  might  otherwise  accu- 
mulate behind  the  clay  puddling. 

The  shell  concrete  mentioned  above,  is  composed  of  one  part 
Portland  cement,  two  parts  sand  and  gravel,  and  five  parts  oyster 
shells,  all  by  measure. 

Resting  upon  this  bed  of  concrete  and  securely  bolted  to  the 
floor-stringers,  the  drainage  floor  is  laid.  Beginning  in  the  mid- 
dle of  the  floor,  there  are  seven  12x12  inch  timbers  placed  side 
by  side  parallel  to  the  axial  line  of  the  dock  and  extending  dov\  n 
its  entire  length.  The  remainder  of  the  drainage  floor,  from  the 
edge  of  this  central  strip  to  the  foot  of  the  altars,  is  made  up  of 
alternate  3x12  and  12x12  inch  timbers  placed  close  together, 
parallel  to  the  axial  line,  and  securely  fastened  to  the  floor- 
stringers.  This  alternating  of  3x12  and  12x12  inch  timbers, 
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forms  a series  of  longitudinal  box  drains  (Fig.  2)  which  empty  at 
intervals  of  30  feet  into  transverse  drains  leading  into  the  drain- 
age gutters. 

Upon  the  drainage  floor,  three-inch  planks  ten  inches  wide  are 
laid  half  an  inch  apart,  extending  at  right  angles  to  the  axial  line, 
from  the  foot  of  the  altars  on  each  side  to  within  three  feet  of  the 
axial  line.  These  planks  form  the  working  floor  of  the  docks. 

Keel  blocks  of  oak,  built  as  shown  in  Fig.  2,  are  placed  four 
feet  apart  down  the  center  line  of  the  dock.  Upon  them  nearly 
the  entire  weight  of  the  ship  in  dock  rests.  For  this  reason  it  is 
necessary  to  have  the  foundation  along  the  axial  line  particularly 
strong. 

The  bilge-blocks  are  of  oak,  and  are  constructed  as  shown  in 
Fig.  2.  They  are  placed  at  intervals  of  sixteen  feet,  and  are 
operated  on  cast-iron  racks  by  means  of  chains  leading  to  the 
coping.  They  are  designed  to  carry  a portion  of  the  ship’s 
weight,  and  can  be  drawn  close  under  the  bilge  of  a vessel  and 
adjusted  to  conform  to  the  contour  of  its  hull. 

A careful  study  of  Figs.  1 and  2,  and  a hasty  recapitulation  of 
the  preceeding  should  serve  to  give  a clear  idea  of  the  construc- 
tion of  the  dock  basin.  Turning  to  Fig.  2,  it  should  be  remem- 
bered, first,  that  the  brace,  altar,  floor,  and  keel  piles,  forming  a 
line  or  bent  transversely  across  the  dock,  occur  at  intervals  of 
four  feet  throughout  the  entire  length  of  the  basin  ; second,  that 
the  cross-caps,  lower  braces,  altar  stringers,  main  floor  stringers, 
and  substringers,  which  together  form  a “ rib  ” of  the  dock,  are 
fastened  to  the  above  mentioned  piles,  and  hence  occur  at  inter- 
vals of  four  feet  throughout  the  entire  length  of  the  dock ; third, 
that  the  clay  puddle,  the  sheathing,  the  tar  concrete,  and  the 
altars  are  continuous  around  the  sides  of  the  dock  ; fourth,  that 
the  shell  concrete,  the  drainage  floor,  and  the  working  floor  are 
continuous  over  the  bottom  of  the  dock. 

The  general  dimensions  of  the  finished  basin  are  as  follows: 
Length  on  coping  from  head  to  inner  gate,  . . . 476  ft. 

“ “ floor  “ “ . 440  ft. 

Width  on  coping  at  head,  . . . . 79  ft.,  8 in. 

“ body,  ....  126  ft.,  o in. 
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Width  at  entrance  between  abutments  on  mean  high 


Draught  at  mean  high  water,  over  sill, 


water  line, 

Width  on  floor  of  dock  at  head, 


Depth,  coping  to  mean  high  water  line,  . 


“ working  floor,  . 


in  body, 


“ keel  blocks,  . 


91  ft.,  6 in. 
22  ft.,  6 in. 
54  ft.,  o in. 

5 ft.,  3 in. 
33  ft.,  9 in 
26  ft.,  o in. 
26  ft.,  o in. 


II. — The  Gate. 


The  gate  of  the  dry-dock,  or  the  caisson,  as  it  is  most  com- 
monly called,  is  a structure  built  of  steel  plates,  angles,  deck 
beams  and  I bars.  It  is,  in  short,  a double-ended  hull  built  of 
steel,  and  hence  a technical  description  of  its  construction  in  de- 
tail would  involve  so  many  terms  in  naval  architecture  as  to  ren- 
der it  unintelligible  to  one  not  versed  in  that  science. 

This  steel  hull  measures  100  feet,  3 inches  over  all  on  deck, 
and  67  feet,  554  inches  over  all  at  the  bottom  of  the  keel.  Its 
extreme  molded  breadth  is  23  feet,  while  the  breadth  of  beam  on 
the  upper  deck  is  only  13  feet.  The  extreme  height,  from  the 
top  of  the  deck  to  the  bottom  of  the  keel  is  32  feet,  6 inches. 

Unlike  the  hull  of  a ship  both  ends  of  the  caisson  are  alike  in 
shape,  and  since  the  length  on  the  keel  is  so  much  less  than  the 
length  on  deck,  the  “stems”  (the  rectangular  boxed  columns 
connecting  the  ends  of  the  keel  with  the  bow  and  stem  ends  of 
the  deck)  though  straight  are  not  vertical,  but  are  set  at  an  angle 
so  as  to  make  them  parallel  to  the  sides  of  the  dock  at  the  en- 
trance. 

The  stems,  like  the  keel,  are  rectangular  in  section,  being 
twenty-four  inches  wide  by  seventeen  inches  straight  depth,  and 
then  rounding  to  the  form  of  the  caisson.  The  sides  of  the 
stems  and  keel  thus  form  a plane  surface,  seventeen  inches  wide, 
which  borders  the  curved  portion  of  the  caisson  and  comes  in 
such  close  contact  with  the  gate  sill  as  to  keep  out  the  water. 

The  dock  under  consideration  is  designed  with  what  is  known 
as  a double  sill.  The  main  sill  is  an  oak  timber  16 x 18  inches 
which  extends  across  the  floor  and  up  the  two  sides  of  the  dock 
basin.  This  timber  is  faced  with  corrugated  rubber  and  the  sides 
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of  the  stems  and  keel  of  the  caisson  are  pressed  tightly  against 
this  rubber  when  the  gate  is  closed,  and  the  dock  partly  or 
entirely  empty.  The  pressure  which  holds  the  gate  against  the 
sill  is  due  to  the  difference  of  head  between  the  water  of  the 
harbor  and  the  water  in  the  dock.  The  secondary  sill  is  a pine 
timber  12x18  inches,  extending  parallel  to  the  main  sill  and 
three  feet  from  it.  A groove  three  feet  wide  is  thus  formed 
across  the  floor  and  up  the  two  sides  of  the  basin,  into  which 
the  keel  and  stems  of  the  gate  fit. 

The  caisson  has  two  decks,  the  upper  one  of  wood  and  the 
lower  or  main  deck  of  steel.  This  main  deck  carries  a centri- 
fugal pump  capable  of  discharging  1200  gallons  per  minute,  for 
the  purpose  of  emptying  the  ballast  tanks  with  which  the  gate  is 
supplied.  These  ballast  tanks  are  of  such  capacity  that  when 
filled  with  water  they  will  sink  the  caisson  until  the  keel  is 
grounded.  The  entire  hull  below  the  main  deck  constitutes  the 
ballast  tank,  and  water  is  admitted  through  two  eighteen  inch 
culverts  controlled  by  suitable  valves. 

Below  the  main  deck  the  gate  is  pierced  by  ten  filling  culverts 
twenty  inches  in  diameter.  They  are  simply  steel  pipes  built 
into  the  caisson,  which  permit  the  water  to  flow  through  it,  when 
the  valves,  with  which  each  culvert  is  supplied  are  open.  These 
valves  are  operated  from  the  main  deck. 

The  method  of  manipulating  the  gate  is  simple  and  covers 
two  cases:  1.  When  the  dock  is  filled  with  water  and  it  is 

desired  to  close  the  gate  and  empty  the  dock.  2.  When  the  gate 
is  closed  and  the  dock  empty  and  it  is  desired  to  open  the  gate 
and  fill  the  dock. 

In  the  first  case,  the  caisson  with  its  ballast  chamber  partly 
empty  is  towed  into  position  just  over  the  gate  sill.  When  it  has 
been  carefully  moored  in  the  proper  position,  water  is  admitted 
into  the  ballast  tank.  As  the  water  enters  the  gate  gradually 
sinks  until  the  keel  and  stems  rest  in  the  groove  of  the  gate  sill. 
The  water  can  then  be  pumped  out  of  the  dock  and  as  it  falls, 
the  difference  in  head  between  the  water  of  the  harbor  and  the 
water  in  the  dock  becomes  greater  and  greater,  and  the  caisson 
is  more  and  more  firmly  pressed  against  the  rubber  faced  sill. 
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In  the  second  case,  the  caisson  is  in  position  at  the  gate  sill 
and  the  first  operation  is  the  opening  of  the  valves  in  the  filling 
culverts.  The  water  rushes  through  and  fills  the  dock  thus 
equalizing  the  head  and  pressure  on  both  sides  of  the  gate.  The 
centrifugal  pump,  on  the  caisson  is  next  set  in  motion,  and  the 
ballast  chamber  is  emptied.  As  the  water  leaves  the  chamber 
the  gate  gradually  rises  until  it  floats  free  of  the  sills.  It  is  then 
hauled  to  one  side  and  free  entrance  and  egress  is  afforded  any 
vessel  desiring  to  enter  or  leave  the  dock. 


III.  The  Pumping  Plant. 

The  pumping  plant  for  emptying  the  dock  consists  of  two 
centrifugal  pumps  with  42-inch  suction  and  40-inch  discharge 
openings.  The  pumps  when  running  together  are  required  to 
deliver  70,000  gallons  per  minute,  averaged  from  mean  high  tide 
to  the  dock  floor.  They  are  to  be  so  located  that  the  greatest 
lift  does  not  exceed  28  feet,  of  which  not  more  than  21  feet  is  to 
be  below  the  center  line  of  the  pumps.  As  the  distance  from 
mean  high  water  to  the  dock  floor  is  28  feet  6 inches,  the  pumps 
must  be  placed  in  a pit  with  their  center  line  below  mean  high 
water. 

To  keep  the  dock  free  from  leakage,  after  it  has  been  emptied 
by  the  large  pumps,  a 12-inch  centrifugal  pump,  capable  of  dis- 
charging 4,000  gallons  per  minute,  is  included  in  the  plant.  This 
is  called  the  drainage  pump. 

The  large  pumps  are  operated  by  two  24x24  inch  vertical 
engines  provided  with  balanced  valves.  Each  engine  has  a five 
foot  five  inch  fly-wheel,  and  is  secured  to  a heavy  bed  plate  of 
cast  iron  in  common  with  its  pump.  The  engines  work  under 
eighty  pounds  boiler  pressure.  The  drainage  pump  is  driven  by 
a 12x12  inch  vertical  engine  secured  to  the  common  bed  plate. 

The  steam  generating  plant  for  these  engines  consists  of  three 
cylindrical,  horizontal,  return  tubular  boilers,  each  seventy-two 
inches  in  diameter  by  sixteen  feet  long,  and  containing  eighty 
4-inch  tubes  sixteen  feet  long. 

This  entire  plant — pumps,  engines,  and  boilers — is  located  in 
the  “Boiler  and  Pump  House,”  which  is  a structure  of  brick 
43x63  feet  with  wrought  iron  roof  trusses  and  a slate  roof. 
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The  building  is  located  near  the  water  front  and  at  one  side  of 
the  dock,  121  feet  from  axis  of  dock  to  center  of  boiler  house. 

The  water  from  the  dock  flows  through  a circular  brick  tunnel 
eight  feet  in  diameter,  from  the  drainage  well  to  the  foot  valves  at 
the  ends  of  the  suction  pipes,  and  is  then  lifted  and  forced  by  the 
pumps  through  the  discharge  pipes  and  discharge  culvert  into 
the  sea. 

The  discharge  culvert  is  a covered  trough,  built  of  timber  on 
a pile  foundation  and  lined  with  concrete.  It  is  ninety  feet  long, 
fourteen  feet  wide,  eleven  feet  deep,  and  has  the  floor  at  the  level 
of  mean  low  water. 

The  contract  price  for  the  complete  dry-dock  is  $430,000,  and 
the  time  allowed  for  its  completion  two  years.  The  dock  was 
designed  by  O.  von  Nerta,  C.E.,  of  Washington,  D.  C.,  and  is 
being  built  by  Justin  McCarthy,  of  Washington,  D.  C.,  under  the 
supervision  of  Civil  Engineer  George  Mackay,  U.  S.  N. 

Emil  Diebitsch,  C.E.,  ’89, 
Principal  Assistant  Engineer. 


SANITARY  WATER  ANALYSIS. 

Pure  water  is  unknown  in  nature.  It  is  an  artificial  product  of 
the  laboratory.  All  natural  waters  contain  foreign  matter  in  so- 
lution and  in  suspension.  The  properties  and  fitness  for  various 
uses  of  waters  are  modified  by  the  nature  and  quantities  of  these 
contained  products.  In  case  of  water  for  drinking  purposes, 
certain  ingredients  in  quantity  have  been  found  to  accompany  ill 
effects  upon  health.  A number  of  dangerous  diseases,  for  exam- 
ple typhoid  fever,  cholera,  scarlet  fever,  etc.,  are  known  to  be 
propogated  in  a most  remarkable  degree  in  water.  It,  therefore, 
becomes  a matter  of  grave  importance  to  physicians  and  health 
officers  to  be  able  to  test  water  for  drinking  purposes  before  its 
effects  on  the  community  shall  have  been  demonstrated  favorably 
or  disastrously  as  the  case  may  be ; and  it  should  be  a matter  of 
personal  interest  to  all  to  know  in  a general  way  at  least  the  prin- 
ciples involved  in  such  an  examination.  In  water  analysis  the 
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substances  which  attract  attention  as  most  important  concerning 
health  are  those  whose  presence  indicates  contamination  by 
animal  matter.  The  presence  of  vegetable  matter,  though  fre- 
quently undoubtedly  harmful,  is  in  many  cases  free  from  great 
objection.  The  water  of  the  Dismal  Swamp  containing  large 
quantities  of  the  latter,  is  considered  by  many  as  excellent  for 
drinking  purposes.  If  animal  matter  is  present  the  danger  lies 
in  the  possibility  that  with  it  there  are  also  present  germs  of  dis- 
ease communicated  to  the  water  either  in  excretion  from  animal 
bodies  or  in  the  decay  of  animal  tissue  All  chemical  methods 
throwing  light  upon  the  question  as  to  the  presence  of  organic 
animal  matter  are  of  value. 

Besides  this  most  important  product,  natural  waters  always 
contain  mineral  products  in  solution.  These,  however,  are  not 
generally  present  in  sufficiently  large  quantity  to  be  injurious  to 
any  alarming  degree.  Certain  rare  waters  contain  poisonous 
mineral  products,  such  as  salts  of  barium,  arsenic,  zinc,  lead, 
chromium,  etc.  The  determination  of  the  mineral  constituents 
is,  however,  comparatively  easy  if  sufficient  water  be  concen- 
trated by  evaporation.  Certain  gases,  too,  held  in  solution  are 
readily  pumped  out  and  analysed. 

The  detection  and  determination  of  animal  matter  present  is  a 
problem  not  so  easily  solved ; and  since  this  point  is  the  one 
most  sought  in  the  vast  majority  of  analyses,  it  is  undoubtedly  of 
the  highest  importance.  I shall  discuss  briefly  the  various 
methods  in  use  by  chemists.  The  first  method  described  for  the 
estimation  of  organic  matter  in  water  was  discussed  about  forty 
years  ago  by  Hofmann,  Miller  and  Frankland.  A quantity  of 
water  was  evaporated  to  dryness  and  the  residue  strongly  heated. 
The  loss  of  weight  by  ignition  was  ascribed  to  organic  matter 
burned  away.  But  there  is  serious  error  in  this  process,  inas- 
much as  some  important  mineral  substances  are  decomposed  at 
the  increased  temperature,  so  the  method  has  been  discarded  as 
inaccurate. 

In  1864,  Welzien,  and,  two  years  later,  Heintz  proposed  a me- 
thod which  was  later  improved  and  used  by  Frankland  under 
the  name  of  the  combustion  method.  There  are  many  modifica- 
tions, but  the  principle  was  to  evaporate  a known  weight  of  wate 
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to  dryness,  and  determine  the  carbon  and  nitrogen  in  the  residue 
by  regular  combustion.  Frankland  claimed  that  by  the  ascer- 
tained proportion  of  carbon  to  hydrogen  it  was  possible  to  say 
whether  the  organic  water  present  were  of  animal  or  vegetable 
origin.  Subsequent  workers  have  shown  that  there  is  considera- 
ble loss  of  carbon  and  gain  of  nitrogen  by  evaporation  of  quanti- 
ties of  water  large  enough  to  yield  residues  sufficient  for  combus- 
tion analysis.  Other  inaccuracies  also  cast  serious  doubt  upon 
the  method. 

The  fact  that  organic  substances  in  general  reduce  potassium 
permanganate,  thereby  destroying  its  color,  was  noted  in  1849 
by  Forschammer,  and  this  point  furnished  a means  of  comparison 
of  suspected  waters  with  water  known  to  be  fairly  pure,  the 
basis  of  comparison  being  the  quantities  of  standard  perman- 
ganate salution  reduced  by  known  quantities  of  water.  A solu- 
tion containing  a known  weight  of  permanganate  per  cubic 
centimeter  was  added  gradually  to  the  water  (according  to  Kubel, 
boiling  hot,  according  to  Tidy,  cold,  allowing  to  stand  for  three 
hours)  until  the  pink  color  of  the  permanganate  was  faintly 
persistent.  This  method  seems  to  possess  many  virtues,  but  has 
been  called  into  question  for  the  reason  that  it  does  not  yield 
concordant  results  in  duplicate  analyses.  The  presence,  too,  of 
any  reducing  mineral  substance  in  the  water  would  obviously 
vitiate  the  results. 

The  method  most  largely  in  use,  perhaps,  in  this  country  and 
in  England  was  devised  by  Wanklyn,  Chapman,  and  Smith,  in 
1867.  It  depends  upon  the  following  considerations:  It  is  the 
nitrogenous  organic  matter  in  water  that  is  harmful.  In  the 
process  of  decay,  this  is  decomposed  by  minute  organisms,  and 
the  nitrogen  is  converted  slowly  into  ammonium  compounds. 
Before  decay,  the  substances  present  are  supposed  to  be  of 
albuminoid  nature.  It  is  claimed  by  Wanklyn,  that  if  sodium 
carbonate  be  added  to  a known  quantity  of  water  and  the  latter 
be  subjected  to  distillation,  the  ammonia  in  the  distillate  (“free 
ammonia”)  will  represent  the  ammonium  salts  in  the  water  and 
hence  be  a measure  of  decay  that  has  taken  place.  If  then  a 
strongly  alkaline  solution  of  potassium  permanganate  be  added 
and  distillation  continued,  the  albumenoid  substances  will,  he 
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claims,  be  broken  down  and  the  ammonia  collected  in  the  second 
distillate  (albuminoid  ammonia)  will  be  a measure  of  the  unde- 
cayed organic  matter  present.  This  method  yields  valuable 
results,  and  is  by  far  the  easiest  of  application  of  those  cited, 
requiring  but  little  practice  on  the  part  of  the  analyst.  It  has, 
however,  been  justly  criticised,  as  grave  inaccuracies  arise  from 
incomplete  condensation  of  the  ammonia  evolved,  the  difficulty 
of  preparation  of  the  alkaline  permanganate  solution  free  from 
ammonia,  and  from  the  fact  that  it  is  exceedingly  difficult  to 
break  down  many  alkaloid  substance  by  means  of  that  reagent. 
Waters  containing  known  weights  of  such  substances  have  been 
subjected  to  its  action  with  unsatifactory  quantitative  results. 
The  method  is,  nevertheless,  a popular  one  with  chemists,  and 
undoubtedly  gives  a fair  general  idea  of  the  degree  to  which 
water  is  polluted  by  decayed  or  decaying  substances.  It  tells  to 
a degree  the  present  and  past  condition  of  the  water.  If  a large 
quantity  of  free  ammonia  is  obtained  and  no  albuminoid,  there  is 
probably  less  danger  attending  use  of  the  water  than  if  there  is 
much  undecomposed  organic  matter,  as  shown  by  excess  of 
albuminoid  ammonia ; for  in  the  former  case  the  little  organisms 
which  are  believed  to  effect  putrefaction  have  done  their  work 
and  have  destroyed  the  organic  matter,  which  would  provide 
nourishment  for  harmful  bacteria.  Ammonia,  then,  obtained 
in  water  analysis  is  not  objectionable  in  itself,  but  only  in  so  far 
as  it  indicates  the  presence  of  conditions  favorable  to  germs  of 
disease. 

Glancing  over  the  methods  which  have  been  mentioned  for  the 
determination  of  organic  animal  matter  in  water,  we  find  that 
there  is  not  one  that  is  thoroughly  satisfactory.  Much  argument 
has  been  indulged  in  by  their  originators  and  followers,  each 
being  vaunted  as  the  best  and  only  accurate  means  of  work  ; 
the  only  point  of  agreement  among  the  various  analysts  being 
to  decry  every  other  person’s  process.  Moreover,  there  is  great 
difference  of  opinion  on  the  part  of  authorities  regarding  certain 
other  substances  found  in  water.  The  presence  of  nitrates  and 
nitrites  is  thought  by  Wanklyn  to  mean  little  in  the  matter  of 
suspicious  water,  since  he  declares  that  they  arise  from  oxidation 
of  decayed  organic  matter,  and  that  if  danger  formerly  existed 
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it  would  now  be  past.  Frankland  claims  that  their  presence 
places  the  water  in  doubt,  on  the  ground  that  they  are  evidence 
of  previous  animal  (not  vegetable)  contamination,  and  that  con- 
tamination may  be  liable  to  occur  again.  Nitrates  would  be  less 
objectionable  than  nitrites,  inasmuch  as  they  represent  a stage 
farther  removed  from  the  conditions  of  putrefaction.  The  pres 
ence  of  chlorides  is  generally  conceded  to  indicate,  in  most 
cases,  pollution  from  sewage,  sodium  chloride  being  given  off  in 
large  quantity  in  the  excretions  of  animals.  Even  here,  however 
conclusions  are  altered  by  circumstances.  If,  in  its  course,  the 
water  has  come  in  contact  with  sea  water,  or  if  it  has  flowed 
through  strata  containing  salt  deposits,  the  presence  of  chlorine 
would  obviously  be  no  evidence  of  sewage  pollution. 

Notwithstanding  difference  of  opinion  regarding  methods  and 
interpretation  of  results,  a fair  idea  of  the  condition  of  water  may 
be  gotten  by  an  experienced  chemist  by  combination  of  the  com- 
bustion, permanganate  and  albuminoid  ammonia  processes  for 
determination  of  organic  constituents  and  the  determination  of 
nitrates,  nitrites  and  chlorine.  In  addition  to  the  results  of  an- 
alyses, however,  the  history  of  the  water  and  other  extraneous 
conditions  must  be  taken  into  account  in  drawing  conclusions. 
If  the  water  has  percolated  through  chalk  beds  and  fossil  remains, 
it  would  be  expected  to  contain  certain  quantities  of  nitrates  which 
are  of  pre-historic  origin  and  whose  presence  is  not  objectionable. 
As  pointed  out,  the  presence  of  chlorine  may  not  indicate  sewage 
contamination.  The  . presence  in'  quantity  of  organic  matter  to- 
gether with  nitrates,  nitrites,  and  chlorine  would  render  the  water 
suspicious.  If  albuminous  organic  matter  is  absent  and  there  are 
present  ammonium  salts,  nitrates,  nitrites  and  chlorine,  the  che- 
mist might  conclude  that  organic  contamination  has  existed  in 
the  past.  Under  the  circumstances  he  could  not  say  whether  or 
not  the  water  is  fit  for  use,  for  the  decaying  process  may  have 
removed  the  means  of  subsistence  of  the  harmful  germs  a long 
time  previous  to  the  examination,  so  that  these  germs,  if  they 
were  ever  present  may  have  died  out.  On  the  other  hand  a suf- 
ficiently long  time  may  not  have  elapsed  and,  besides,  the  water 
may  be  subject  to  further  additions  of  that  organic  matter,  which 
had  given  rise  to  the  formation  of  the  above  harmless  products. 
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It  will  readily  be  seen  that  there  may  arise  many  cases  in  which 
the  results  of  analyses  are  such  that  the  chemist  can  not  be  per- 
fectly sure  regarding  the  sanitary  properties  of  water,  and  in  these 
cases  his  common  sense  and  judgment  must  help  him  in  his  deci- 
sion. Good  judgment,  however,  usually  comes  with  experience; 
and  while  a specialist  in  water  analysis,  who  is  at  the  same  time 
an  educated  chemist,  can,  with  a good  deal  of  assurance,  estimate 
the  fitness  of  a w’ater  for  use,  mere  analytical  results  and  general 
knowledge  frequently  leave  a less  expert  analyst  in  grave  doubt. 

Ill  effects  on  the  system  in  the  shape  of  diseases,  such  as  typhoid 
fever  or  cholera,  are  believed  to  have  their  origin  in  minute  living 
organisms  or  bacteria,  each  disease  having  its  peculiar  causative 
germ.  There  are  hundreds  of  different  varieties  of  bacteria  known. 

The  air  we  breathe  is  full  of  them,  and  the  surfaces  of  all  bodies 
are,  under  ordinary  conditions,  covered  with  them.  Their  func- 
tions in  nature  are  much  varied.  The  familiar  phenomena  of  the 
souring  of  milk,  fermentation,  putrefaction  of  organic  matter,  and 
other  changes  are  believed  to  be  wrought  by  different  varieties  of 
these  bacteria.  By  far  the  great  majority  of  bacteria  are  without 
ill  effect  when  taken  into  the  system,  but  there  are  some  whose 
functions,  as  stated,  seem  to  be  to  produce  disease,  and  without 
them  disease  can  not  exist.  If  the  methods  of  the  chemist  were 
beyond  criticism,  the  best  he  could  do  would  be  to  ascertain 
whether  the  conditions  in  the  w'ater  examined  are,  or  are  not, 
favorable  to  the  presence  of  such  bacteria.  He  could  not  say 
finally  that  the  bacteria  were  present  and  in  condition  to  generate 
disease.  The  conditions  favorable  to  them  may  exist,  yet  they 
may  be  absent,  so  that  water  might  contain  animal  matter  without 
being  dangerous  to  health.  The  chemist  might  under  these  cir- 
cumstances condemn  a harmless  water.  On  the  other  hand  in 
some  cases  germs  of  disease  might  be  present  with  but  little 
organic  matter,  and  again  the  chemist’s  figures  would  be  mislead- 
ing. In  other  words,  w'hile  the  chemist  from  his  analysis  and 
shrewd  judgment  may  with  justice  in  most  cases  pronounce  water 
suspicious  or  wholesome,  his  word  should  not  and  can  not  be 
taken  as  final.  This  point  lies  in  the  work  of  the  biologist  and 
bacteriologist. 
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Dr.  Mallet  of  the  University  of  Virginia,  in  1 88 1,  tested  the 
chemical  methods  current  for  the  determination  of  organic  matter 
in  a most  painstaking  research.  He  pronounces  them  all  subject 
to  severe  criticism.  In  estimation  of  the  fitness  of  water  for  use, 
he  recommends  the  use  of  all  three,  as  each  has  points  in  its  favor 
which  the  others  lack;  but  he  considers  a biological  examination 
as  necessary  in  addition  to  chemical  analysis.  In  the  case  of  the 
many  samples  examined  by  him,  the  biological  work  was  per- 
formed by  expert  biologists  at  the  Johns  Hopkins  University, 
with  most  interesting  results.  Chas.  Ekin,  in  his  work  on 
“ Potable  Water,”  claims,  in  regard  to  the  various  chemical 
method  for  the  estimation  of  pollution  of  water  by  animal  matter, 
that  “ all  are  absolutely  worthless,  so  far  as  distinguishing  between 
organic  matter  that  is  dangerous  and  organic  matter  that  is 
innocuous  is  concerned,”  and  that  “the  chemist  has  no  special 
knowledge  or  experience  beyond  that  pertaining  to  all  intelligent 
educated  men  who  take  an  interest  in  sanitary  matters,  to  guide 
him  in  forming  an  opinion  as  to  what  may  or  may  not  be  the 
conditions  under  which  diseases  may  arise  that  are  the  outcome 
of  unwholesome  surroundings;  and  the  sooner  this  is  recognized 
and  the  matter  relegated,  in  disputed  cases,  to  those  who  alone 
are  competent  to  give  an  authoritative  opinion,  viz:  those,  who, 
practicing  medicine,  have  made  hygiene  a special  study,  so  much 
the  better  will  it  be  for  the  health  of  the  community.”  This 
statement,  it  seems  to  me,  detracts  decidedly  too  much  from  the 
importance  of  the  work  of  the  chemist,  for  there  is  little  doubt 
but  that  in  the  majority  of  cases  chemical  analysis  throws  strong 
light  upon  the  question  in  hand. 

Let  us  survey  briefly  the  general  method  of  procedure  of  the 
biologist. 

A careful  study  of  bacteria,  their  appearance,  modes  of  growth, 
and  behaviour  under  various  conditions  have  given  the  bacteri- 
ologist the  means  of  detecting  the  presence  of  various  species. 
The  problem  becomes  one  of  ascertaining  the  presence  or  ab- 
sence of  those  productive  of  disease,  and  their  approximate 
numbers.  The  number  and  varieties  of  species  present  in  water 
from  any  given  source  depends  upon  conditions  relating  to  the 
amount  of  organic  pabulum  present,  the  temperature,  its  pollution 
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from  various  sources,  and  other  circumstances.  Water  that  has 
come  in  contact  with  sewage  containing  the  excrete  of  animals 
suffering  from  diseases,  such  as  typhoid  or  scarlet  fevers,  is  liable 
to  contain  the  organisms  which,  when  taken  into  the  system,  will 
produce  these  diseases.  But  organic  matter,  even  sewage,  may 
be  present  and  harmful  germs  may  be  absent,  and  the  water, 
from  a sanitary  point  of  view,  may  be  without  objection.  The 
biologist  is  in  position  to  say  specifically,  whether  or  not  those 
particular  germs  are  present  which  would  vitiate  the  water.  The 
examination  is  made  about  as  follows  : 

A sample  is  collected  with  great  care  in  a vessel  that  has  been 
previously  rendered  free  from  bacteria,  or  “ sterilized,”  by  proper 
precautions.  The  analysis  is  made  at  once,  since  experience  has 
shown,  that  on  standing  the  bacteria  increase  wonderfully  in  num- 
bers, and  untrue  conclusions  would  otherwise  be  reached.  A 
definite  quantity  of  the  water,  usually  one  cubic  centimeter  or  less, 
is  added  to  an  infusion  of  beef  peptone  in  gelatin  or  agargelatin 
in  a test-tube,  the  whole  having  been  previously  sterilized,  which 
is  quickly  stoppered  loosely  with  sterilized  cotton  wool  in  order 
to  prevent  the  entrance  of  bacteria  from  the  air.  The  gelatine 
or  other  medium  thus  used  is  called  “ culture  medium,”  and  in 
it  the  little  germs  find  nourishment,  and  in  the  course  of  a few 
days  develop  into  so-called  colonies,  each  germ  giving  rise  to 
one  colony.  The  numbers  and  nature  of  the  colonies  obtained 
from  a known  quantity  of  the  water  under  investigation,  furnish 
a means  of  estimating  the  number  of  germs  originally  present, 
and  hence  the  probable  effects  of  the  water  on  the  system. 
Sometimes  the  numbers  are  counted  by  causing  the  gelatine  to 
flow  over  the  inside  of  the  tube  as  uniformly  as  possible,  and 
then  applying  a microscope  from  without,  counting  the  colonies 
contained  in  each  square  centimeter  of  area  and  adding  the 
results  (Esmarch). 

Sometimes  the  development  of  the  colonies  is  conducted  in 
films  of  gelatine  or  sterilized  glass  plates,  well  protected  from  ex- 
traneous germs  and  divided  into  areas  convenient  for  counting 
(Koch). 

Conclusions  have  been  reached  by  Sternberg  and  others  that 
water  containing  less  than  100  bacteria  per  cubic  centimeter  may 
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be  regarded  as  safe  for  drinking  purposes.  Water  containing 
more  than  500  is  suspicious,  and  probably  contains  organic  mat- 
ter from  sewage  which  furnishers  pabulum  for  the  great  increase 
in  numbers  of  bacteria,  among  which  injurious  forms  probably 
exist.  The  quantitative  determination  is  comparatively  easy. 
The  qualitative  examination  is  more  difficult.  In  order  to  say 
definitely  that  certain  specific  bacteria  are  present  the  investiga- 
tion must  be  carried  much  farther.  As  before  stated,  the  appear- 
ance and  characteristics  of  various  bacilli  are  known,  but,  for 
their  recognition,  the  colonies  under  investigation  must  be,  to  a 
certain  extent,  isolated.  A so-called  pure  culture  must  be  made. 
By  means  of  a sterilized  platinum  wire  a little  of  the  suspected 
portion  of  the  mixed  colonies  is  taken  out  and  a second  tube  is 
quickly  inoculated.  After  a degree  of  maturity  of  development 
of  the  germs  in  the  second  tube  has  been  reached  a third  is  in- 
oculated and  so  on,  until  the  culture  of  the  suspected  germ  has 
become  sufficiently  purified  from  the  other  bacteria  for  the  expert 
to  be  able  to  identify  it.  The  final  proof  of  its  presence  is  obtain- 
ed by  inoculating  some  living  animal,  for  example  a rabbit,  by 
hypodermic  injection  of  the  product  and  noting  its  effects  on  the 
system.  By  this  kind  of  work  definite  positive  results  are  obtained. 
There  is  little  room  for  exercise  of  personal  judgment  and 
calculation  of  chances.  The  results  speak  for  themselves.  The 
chemist  obtains  his  analytical  results,  and  then  by  exercise  of 
judgment,  forms  an  opinion  as  to  whether  the  water  in  hand  is  or 
is  not  probably  injurious  to  health.  The  bacteriologist  is  in  posi- 
tion, by  sufficiently  painstaking  work  to  say  definitely  whether  or 
not  certain  specific  germs  of  disease  are  present,  and  can  in  cases 
of  suspected  waters  point  out  the  particular  dangers  attending 
their  use.  The  conclusions  of  the  chemist  are  valuable  and  are 
not  to  be  underrated,  but  the  conclusions  of  the  bacteriologist  are 
more  specific  and  involve  less  speculation  in  addition  to  results 
obtained  by  experiment.  Bacteriological  work  is,  however,  not 
all-sufficient.  As  seen,  chemical  analysis  falls  short  of  telling  all 
concerning  sanitary  properties  of  water.  For  a thorough  inves- 
tigation, the  two  lines  of  work  should  go  hand  in  hand,  supple- 
menting one  another. 
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Bacteriological  examination  of  water  is  comparatively  new — a 
matter  of  a dozen  years’  development.  Its  methods  will 
undoubtedly  be  carried  to  greater  perfection.  Such  work  requires 
an  expert  but  so  does  all  valuable  chemical  work.  It  requires 
much  time.  But  if  results  are  of  great  importance  they  are  worth 
expenditure  of  time  and  of  expert  work  if  these  things  are  neces- 
sary to  definite  conclusions.  Paul  J.  Dashiell. 

U.  S.  Naval  Academy. 


THE  BASIC  BESSEMER  PROCESS. 

The  successful  application  of  the  principle  of  that  phosphorous 
can  be  removed  from  pig  iron,  in  the  process  of  refining  by  which 
it  is  changed  into  steel  or  malleable  iron,  provided  that  this  pro- 
cess can  be  so  carried  on  as  to  secure  and  maintain  a basic  slag, 
is  of  comparatively  recent  date.  According  to  the  metallurgical 
journals  of  the  year  1877  the  desirability  of  obtaining  a method  of 
applying  Bessemer’s  process  to  phosphoritic  pig  iron  was  not 
questioned,  although  it  wras  stated,  that  the  prospects  for  attaining 
this  end  by  means  then  known  were  not  encouraging.  In  1872 
Snelus  had  discovered  that  the  retention  of  phosphorous  in  the 
metal  depended  upon  the  condition  of  the  slags,  and  that  when 
these  were  of  a more  basic  character  the  greater  part  of  the  phos- 
phorous could  be  eliminated.  These  results  of  Snelus’  experi- 
ments were  not  published  until  some  time  later,  when  Gilchrist 
and  Thomas  announced  similar  results.  The  obstacle  in  the  way 
of  obtaining  such  slags  lay  in  the  fact,  that  if  the  slags  were  made, 
or  tended  to  become  basic,  they  would  react  with  fluxing  effect  on 
the  acid,  silicous,  furnace  linings,  then  universally  in  use;  the  lin- 
ings would  thus  be  destroyed  and  the  slag  at  the  same  time  ren- 
dered silicious  to  such  a degree,  as  to  drive  all  the  phosphorous 
present  into  the  iron.  The  first  man  to  recommend  the  use  of  a 
non-silicious  converter  lining  was  Tunner,  a German  iron  master. 
In  March,  1888,  Thomas  obtained  a patent  for  the  use  of  a soluble 
alkaline  silicate  in  the  manufacture  of  material  for  a basic  lining. 
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This  lining  was  not  durable,  so  in  October,  1878,  he  obtained  a 
second  patent  for  the  manufacture  of  a fire  proof  basic  brick,  com- 
posed of  magnesia  limestone  with  small  quantities  of  silica,  alu- 
mina and  oxide  of  iron,  forming  the  mass  into  bricks  and  burn- 
ing these  at  a white  heat — to  be  used  as  a lining.  From  the  dates 
of  these  patents  until  the  present  time  we  may  consider  the  Basic 
Bessemer  Process  to  have  been  introduced  and  improved  until  its 
present  degree  of  perfection  has  been  obtained. 

As  is  well  known,  in  the  ordinary  or  acid  Bessemer  process 
the  pig  iron  should  contain  a minimum  amount  of  phosphorus, 
as  almost  all  of  this  element  is  retained  in  the  resulting  steel ; and 
should  the  percentage  of  phosphorus  exceed  a very  small  amount, 
the  metal  would  be  rendered  cold  short.  In  the  Basic  Bessemer 
process,  however,  it  is  requisite  that  the  pig  iron  should  contain 
at  least  2.5  per  cent,  to  3 per  cent,  of  phosphorus,  for  the  amount 
of  heat  developed  during  the  after-blow  is  dependent  upon  the 
amount  of  phosphorus  contained  in  the  pig  iron.  Owing  to  the 
basic  nature  of  the  lining  used,  this  element  is  caused  to  pass  as  a 
tri-basic  calcium  phosphate,  and  to  some  extent,  as  a tetra-basic 
calcium  phosphate,  into  the  slag. 

In  order  better  to  understand  the  working  of  this  process,  we 
will  begin  with  the  raw  ore  and  follow  it  through  the  succeeding 
steps  until  the  finished  product  is  obtained,  as  practiced  at  the 
Pottstown  Iron  Co.’s  Works  at  Pottstown,  Pa.  The  ores  used 
are  all  high  phosphuretted  iron  ores.  The  blast  furnace  charge 
is  so  calculated  as  to  give  a pig  iron  containing  approximately: 

Silicon,  . . . 0.5%  to  trace. 

Sulphur,  .....  0.02%  to  0.04% 

Manganese,  ....  0.8  to  

Phosphorus,  ....  2.5%  to  3.00% 

The  pigs  of  iron  are  broken  into  pieces  one-fourth  their  origi- 
nal length  and  charged  into  the  cupola  with  coke  and  scrap-iron. 
The  molten  pig-iron  is  tapped  from  the  cupola  into  large  ladles 
and  transported  on  trucks  to  the  converters.  There  are  three 
of  these  vessels,  two  of  ten  tons  and  one  of  thirteen  tons  capacity- 
In  constructing  a converter,  it  is  usual  to  calculate  on  the  basis 
of  465  square  inches  sectional  area  per  ton  of  iron.  These  con- 
verters are  lined  with  a basic  lining  of  about  fifteen  inches  thick- 
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ness.  The  lining  is  prepared  from  raw  stone  by  crushing 
thorougly  in  a crushing  machine,  mixing,  and  dampening  suffi- 
ciently so  as  to  cause  it  to  cohere  under  pressure.  This  is  then 
pressed  in  a brick  machine  into  bricks,  which  are  carried  to  ovens 
where  they  are  burned.  During  the  process  of  burning  they 
shrink  to  about  one-half  their  original  size.  After  they  are 
removed  from  the  oven  and  allowed  to  cool,  they  are  ground  up, 
or  rather  pulverized,  and  mixed  with  tar  to  the  consistency  of 
a mortar.  In  this  state  the  material  is  rammed  into  the  convertor 
around  a wooden  core.  After  the  ramming  is  finished,  the  core 
is  removed  and  a coke  fire  lighted  to  dry  the  lining.  The  con- 
vertor is  then  ready  for  use.  The  average  life  of  a lining  is 
about  1 50  heats. 

In  the  case  of  an  individual  heat,  11.5  per  cent,  to  13.  per 
cent,  of  lime  is  charged  cold  through  lime  chutes  into  the  con- 
vertor, still  hot  from  the  previous  heat.  The  effect  of  this  lime 
is  to  neutralize  any  silicious  matter  in  the  charge.  The  length 
of  the  blow  varies,  the  average  being  sixteen  minutes ; the  fore- 
blow continuing  eleven  minutes  and  the  after-blow  five  minutes. 
Scrap-iron  can  be  added  at  any  time  through  the  lime  chutes  to 
regulate  the  temperature.  Mr.  Hartshorne,  in  his  paper  in  the 
Engineering  and  Mining  Journal,  of  November  5,  1892,  states 
that  if  the  slag  be  too  thin,  owing  to  any  cause,  it  will  attack  the 
lining  of  the  convertor  and  set  up  reactions  which  cause  the 
phosphorus  of  the  slag  to  pass  back  into  the  steel.  The 
“ change,”  or  end  of  the  fore-blow,  is  determined  by  means  of  a 
spectroscope;  and  the  length  of  the  after-blow  depends  upon  the 
amount  of  air  previously  blown  through  the  charge.  As  the 
vessel  is  turned  down,  0.6  to  0.8  per  cent,  of  ferromanganese  is 
added.  The  “ ferro  ” is  80  per  cent,  manganese.  After  two-thirds 
of  the  charge  has  been  poured  into  the  ladle,  1 to  1.5  per  cent, 
of  spiegeleisen  is  added  and  the  pouring  finished.  The  spiegel- 
eisen  is  10  per  cent.  Mn.  The  ladle  is  carried  on  a car  to  the 
casting-pit,  where  the  metal  is  tapped  into  moulds  arranged  in  a 
straight  row.  The  casting  is  carried  on  very  slowly.  After  the 
mould  is  filled  up  it  is  allowed  to  settle  and  more  molten  metal 
added.  This  is  repeated  until  only  twenty-five  to  fifty  pounds 
can  be  added  at  one  time,  when  a cast-iron  cover  is  placed  over 
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the  metal.  In  this  way  it  is  possible  to  obtain  a very  sound 
casting.  After  the  metal  has  taken  the  shape  of  the  moulds,  the 
ingots  are  “ stripped,” — i.e.,  the  moulds  removed — and  transferred 
the  soaking  pit. 

The  soaking-pit,  in  the  German  patent  termed  equalizing-pit, 
was  introduced  by  Gjers  in  1882.  It  consists  of  a pit  with  fire- 
proof lining,  in  which  one  or  more  of  the  ingots,  cooled  suffi- 
ciently to  harden  the  outside,  but  still  molten  in  the  interior,  are 
placed,  in  order  that  the  temperature  may  become  uniform 
throughout  the  mass.  Prior  to  the  use  of  soaking-pits,  the  in- 
gots were  covered  with  sand  or  some  other  non-conductor  of 
heat,  and  carried  immediately  to  the  rolling  mill ; but  it  was  im- 
possible to  obtain  a uniform  heating.  In  the  present  practice 
some  heat  of  the  ingots  is  lost  by  giving  it  up  to  the  walls  of  the 
pit,  but  the  temperature  of  the  ingot  becomes  thoroughly 
equalized. 

In  case  the  ingot  adheres  to  the  mould,  it  is  placed  in  the 
“extractor”  where  it  is  pushed  out  by  a hydraulic  ram.  From 
the  soaking-pits  the  ingots  are  put  through  the  rolls  and  shipped 
to  their  destination. 

The  iron  manufactured  is  used  for  boiler,  tank,  and  ship  plate, 
iron  and  steel;  nail  plate;  bridge  and  girder  plate,  iron  and  steel; 
steel  billets,  and  slabs. 

The  basic  bricks  used  in  the  manufacture  of  the  lining  showed 


the  following  composition : 

Insoluble  Residue,  . 1.192 

Fea  Oz  and  Al2  03  . . 3.04 

Mg  O . . .1.512 

Ca  0 . . . . 95.21 


The  slag  produced,  being  high  in  phosphates,  is  a very  valu- 
able by-product.  From  the  slag  dump  the  slag  is  carried  to  the 
phosphate  mill,  where  it  is  finely  ground  up  in  a ball  mill.  The 
ball  mill,  or  ball  machine,  is  very  simple  and  ingenious  in  con- 
struction, and  grinds,  on  an  average,  one  ton  per  hour.  Ninety- 
five  to  ninety-eight  per  cent,  of  this  product  is  100-mesh  and  70 
to  75  per  cent,  is  150-mesh.  This  is  put  in  200  pound  bags  and 
sold  as  a fertilizer.  It  runs  from  eighteen  to  twenty-four  per 
cent,  phosphoric  acid,  of  which  fourteen  per  cent,  is  reverted. 
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At  one  place  in  Europe  steel  is  made  as  a by-product  in  the 
production  of  slag  for  fertilizer. 

The  following  table  represents  a series  of  five  heats,  each 


producing  four 

ingots,  with  the  analysis  ol 

a sample  of  steel 

from  each  ingot 

Blow  Number. 

Ingot. 

C. 

5. 

P. 

Mn. 

6997 

1 

.09 

— 

.040 

.630 

2 

.10 

— 

.030 

.740 

3 

.1 1 

— 

.040 

.650 

4 

.09 



•035 

.650 

6998 

1 

.08 

— 

•035 

•325 

2 

.08 

— 

.030 

.320 

. 

3 

.08 

— 

.030 

■325 

4 

.08 

— 

.040 

•3°° 

6999 

1 

.08 

— 

.045 

.415 

2 

.08 

— 

■035 

.425 

3 

.08 

— 

.050 

.405 

4 

.08 

— 

•°35 

.415 

7000 

1 

.10 

— 

•035 

•425 

2 

.10 

— 

.050 

•39° 

3 

.1 1 

— 

■°55 

•455 

4 

.IO 

— 

•°55 

•445 

7001 

1 

.10 

— 

.030 

•44° 

2 

.09 

— 

.050 

•43° 

3 

.10 

— 

.050 

•45° 

, 

4 

.09 

— 

.050 

•45° 

The  above  table  shows  the 

regularity  of  the  steel  of  each  heat. 

In  no  heat  does  the  carbon 

vary  more  than  .02  per 

cent.,  the 

the  phosphorus 

.02,  and  the  manganes  .09. 

In  order  to  show  the  homo 

geneity  of  this 

steel,  below  are  the 

analyses  of  eight  samples  from  each 

of  four 

ingots  of 

one  heat. 

After  the  ingot 

was  rolled  the  first  sample 

was  taken 

two  feet 

from  the  upper  end,  and  the  rest  every  four  feet. 

Ingot  Number.  Sample. 

c. 

5. 

P. 

Mn. 

I 

1 

.06 

— 

.020 

.205 

2 

.06 

— 

.020 

.205 

3 

.06 

— 

.020 

.210 

4 

.07 

.030 

.02  5 

.215 

5 

.06 

— 

.020 

.220 

6 

.06 

— 

.030 

.220 

7 

.07 

— 

.030 

•230 

8 

.06 

— 

.020 

•i95 
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Ingot  Number. 

2 


Sample. 

C. 

5. 

P. 

Mn. 

9 

.06 

— 

.025 

.205 

IO 

•05 

— 

.025 

.210 

1 1 

•°5 

— 

.025 

.210 

12 

.07 

.025 

.025 

.210 

13 

.05 

— 

.030 

.220 

14 

.05 

— 

.020 

.225 

15 

.07 

— 

.030 

.210 

l6 

.07 

— 

.020 

.210 

17 

.06 

— 

.025 

.205 

18 

.07 

— 

.025 

.210 

19 

.06 

— 

.020 

.205 

20 

.07 

.027 

.025 

.200 

21 

.07 

— 

.020 

.210 

22 

.07 

— 

.020 

.205 

23 

.07 

— 

.025 

.210 

24 

.07 

— 

.020 

.220 

25 

.07 
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NOTES  ON  BASIC  REFRACTORIES. 

MAGNESITE. 

The  advantages  obtained  by  using  a basic  sole  in  the  open 
hearth  furnace  are  gradually  forcing  themselves  on  the  steel 
workers  of  the  United  States,  and  the  result  may  be  seen  in  the 
slow,  though  gradual,  growth  of  the  basic  open  hearth  furnaces, 
and  in  the  demands  of  the  steel  user  for  low  phosphorous  metal. 

When  the  manufacturer’s  mind  begins  to  turn  basic-ward  there 
are  two  questions  that  probably  first  demand  his  attention, — the 
one,  how  much  cheaper  will  his  metal  mixture  be,  the  other, 
where  to  obtain  a suitable  lining  material.  In  this  article,  I pro- 
pose to  briefly  treat  of  this  latter  point. 

In  the  earlier  days  of  the  application  of  a basic  sole  to  the  open 
hearth,  it  was  considered  necessary  to  have  not  only  a basic  ma- 
terial for  the  bottom  of  the  furnace,  an  acid  material  for  the  ports, 
sidewalls,  and  roof,  but  also  a neutral  material  which  could  be 
used  as  a separator  between  the  latter  two,  and  so  prevent  them 
from  mixing  and  slagging  away. 

The  more  modern  practice  has  eliminated  this  neutral  material 
by  changing  somewhat  the  design  of  the  furnace,  so  that  the  side 
walls  and  roof  are  outside,  supported  as  shown  in  the  sketch.  A 
more  extended  use  of  basic  lining  materials  having  also  shown 
that  when  they  are  brought  into  contact  with  acid  brick  there  is 
little  or  no  slagging  action,  unless  there  is  a pressure  on  the 
joint. 

Of  the  materials  most  frequently  used  for  basic  linings,  magne- 
site and  dolomite  are  the  best  known.  Magnesite  has  not  as  yet 
been  found  in  merchantable  quantities  in  this  country,  and  our 
supply  is  imported  from  Greece  and  Styria.  It  can  be  purchased 
in  the  raw  state  for  about  $10  per  ton  in  New  York;  calcined  for 
about  $15  to  $20;  and  dead-biirnt  in  the  shape  of  bricks  for 
from  $175  to  $200  per  thousand.  Such  bricks  when 

properly  made  are  an  extremely  valuable  refractory  material. 
Having  been  burned  often  and  hard  enough,  they  do  not  shrink 
when  exposed  to  high  temperatures,  are  perfect  in  form  and  very 
dense  in  structure,  wheighing  about  nine  pounds  apiece.  It 
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should  be  noticed  as  one  of  the  peculiar  properties  of  magnesite 
that  it  is  extremely  slow  to  slake.  Even  after  the  stone  has  been 
subjected  to  one  burning  (it  is  then  calcined ,)  when  it  has  gone 
through  the  same  treatment  that  makes  lime  of  a dolomite  or 
calcite,  it  will  remain  unchanged  for  many  weeks  in  the  open  air. 
After  it  has  gone  through  the  three  or  four  burnings  that  are 
required  to  make  bricks  of  it  (it  is  then  dead-burnt ),  an  exposure 
for  an  indefinite  length  of  time  seems  to  have  no  effect  on  it.  It 
must  be  immersed  in  water  for  several  days  before  any  slaking 
action  can  be  observed. 


In  its  calcined  form  it  is  used  in  many  European  plants  for 
furnace  bottoms,  the  ports  and  occasionally  the  side  walls  being 
built  of  the  bricks.  Owing  to  its  great  cost,  only  one  plant  in 
this  country  has  ever  made  a practice  of  using  it  for  the  bottom, 
and  I am  informed  that  they  have  recently  discontinued  so 
doing.  In  spite,  however,  of  their  great  initial  cost,  the  bricks 
can  be  advantageously  used  in  the  ports.  If  the  roof,  side  walls, 
and  ports  of  a furnace  having  a basic  sole  be  made  of  acid  brick, 
it  will  be  found  that  the  roof  will  be  destroyed  neither  more 
rapidly  nor  more  slowly  than  if  the  sole  were  acid,  but  that  the 
side  walls  will  be  attacked  somewhat  more  rapidly,  and  that  the 
ports  will  be  destroyed  the  most  rapidly,  lasting  not  more  than 
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one-third  as  long  as  in  an  acid  furnace.  If  the  roof  be  high 
enough  above  the  bath  to  insure  a good  working  furnace,  be  it 
acid  or  basic,  neither  the  splashes  of  the  basic  slag  nor  the  basic 
dust  arising  from  the  lime  and  patching  material  will  reach  it. 

By  referring  to  the  sketch  it  will  be  noticed  that  the  side  walls 
are  set  back  from  the  bath,  and  will  thus  be  similarly,  though  in 
a less  degree,  protected.  Though  the  ports  may  be  placed  far 
enough  away  from  the  bath  to  ensure  against  any  attack  from 
splashes  of  slag,  they  cannot  be  protected  from  the  fine  dust 
which  arises  from  the  lime,  the  patching  materials,  and  the  sur- 
face of  the  bath,  when  it  is  boiling  freely. 

The  effect  of  this  is  most  plainly  marked  on  acid  ports,  and 
though  a life  of  1 50  heats  is  almost  universally  claimed  for  such 
ports  when  used  on  a basic  furnace,  it  is  extremely  doubtful  if 
the  average  is  over  125.  I am  unable  to  state  exactly  the  life 
of  ports  made  of  magnesite  bricks,  but  I am  satisfied  from  my 
experience  with  ports  still  in  use  that  they  will  last  long  enough 
to  more  than  pay  for  their  extra  cost. 

The  magnesite  that  is  sold  as  “ calcined  ” has  passed  through 
but  one  burning,  and  on  further  heating  will  shrink  very  con- 
siderably. As  there  is,  at  the  time  when  a furnace  bottom  is 
being  patched,  much  spare  heat  this  is  not  an  objection  to  its 
use,  since  it  will  shrink  and  “ set  ” in  the  holes  of  the  bottom  in 
about  the  same  time  that  sand  will  on  an  acid  bottom.  There 
are  many  magnesite  bottoms  in  successful  operation  on  the 
continent,  and  the  patching  is  done  with  the  ordinary  calcined 
material.  My  own  experience  with  such  a bottom  has  been  very 
limited  and  very  unsatisfactory.  There  was  a decided  tendency 
to  a thick  slag,  which,  I may  here  note,  is  one  of  the  troubles  of 
basic  practice,  and  a decided  increase  in  the  amount  of  material 
required  for  patching  and,  of  course,  of  the  time  required  for 
that  work. 

DOLOMITE,  CALCITE. 

A dolomite  suitable  for  open  hearth  use  should,  before  calcin- 
ation, contain  not  more  than  one  per  cent.  Si02,  and  preferably 
less  than  one-half  of  one  per  cent.  Such  stone  may  be  obtained 
in  various  parts  of  the  country,  though  it  is  far  from  being  abund- 
ant. If  this  stone  were  given  but  one  burning  at  the  ordinary 
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temperature,  as  with  magnesite,  lime  would  be  produced.  This 
is  much  softer  than,  and  has  not  shrunk  as  much  as,  magnesite 
subjected  to  the  same  treatment,  and  for  these  reasons  is  not 
desirable  for  use  as  a lining  or  patching  material.  In  order  to 
fulfill  in  the  best  manner  the  duty  required  of  it,  the  shrinkage 
must  be  carried  to  almost  its  greatest  extent  or  until  it  becomes 
dead-burnt.  In  order  to  do  this  a special  plant  is  required,  since 
the  stone  cannot  be  so  burnt  in  the  ordinary  lime-kiln. 

The  simplest  and  earliest  method  was  to  charge  the  stone  and 
coke  in  alternate  layers  in  a cupola.  With  the  aid  of  blast 
sufficient  heat  was  generated  to  burn  the  stone.  This  plan  has 
the  disadvantage  that  many  pieces  of  the  stone  are  not  thoroughly 
burnt,  and  that  the  ash  from  the  coke  forms  clinkers  with  the 
stone.  The  product  is  not  uniform  in  hardness,  is  dirty,  and 
must,  therefore,  be  hand  picked,  adding  considerably  to  the  ex- 
pense in  order  to  free  it  from  ash  and  clinkers.  The  Mendheim 
Ringofen  may  be  used.  In  this  case,  of  course,  the  product 
would  be  clean.  A very  simple  form  of  oven  or  kiln  is  used  at 
one  plant  in  this  country.  A rectangular  chamber,  having  the 
openings  to  the  chimney  through  the  bottom,  and  with  fire 
places  at  each  end,  is  partly  filled  with  loosely  piled  stone.  After 
about  thirty-six  hours  of  hard  firing  the  stone  is  sufficiently 
burnt  for  use  on  the  open  hearth. 

These  processes  give  a dolomite  that  is  more  or  less  evenly 
burnt,  but  in  each  case  amply  so  for  open  hearth  work. 

The  method  employed  by  the  Pottstown  Iron  Company  is  as 
follows : the  raw  stone  is  ground  in  a Gates  crusher,  raised  by 
an  elevator  to  a sieve,  the  coarser  being  returned  to  the  crusher 
and  the  finer  going  to  a “ chaser  ” pan.  The  material  that  comes 
through  the  bottom  of  this  pan  is  again  sieved,  the  finer  going 
into  storage  bins  from  which  it  is  drawn  in  certain,  measured 
quantities  on  to  the  floor,  mixed  by  hand  with  a small  propor- 
tion of  basic  converter  slag,  and  shoveled  into  a horizontal  dry 
mixer.  As  it  is  delivered  from  this  mixer  it  is  slightly  moistened 
with  water,  and  travels  through  a similarly  constructed  machine 
called  the  wet  mixer.  An  elevator  then  delivers  it  into  the 
hopper  of  a Whittaker  brick  machine.  The  bricks  when  formed 
are  piled  in  kilns  thirty  ieet  long,  five  feet  nine  inches  high,  and 
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nine  feet  ten  and  one-half  inches  wide,  with  four  fire  places,  two 
at  each  end.  The  doors  of  the  kiln  being  bricked  up,  the  fires 
are  started,  and  as  intense  a heat  as  possible  is  maintained  for 
from  twenty-six  to  thirty-two  hours.  The  fires  are  then  drawn, 
and  the  kiln  and  its  contents  allowed  to  slowly  cool  off.  The 
bricks  thus  produced  are  again  ground  up,  mixed  with  tar,  and 
rammed  around  a former  or  pattern  in  the  converter  to  make  the 
lining.  If  this  material  is  to  be  used  on  the  open  hearth,  the  tar 
is  omitted  and  the  ground  brick  is  thrown  on  the  holes  of  the 
basic  bottom  in  the  same  manner  as  a sand  bottom  is  prepared. 
If  the  banks  of  the  furnace  are  very  steep,  and  it  is  found  diffi- 
cult to  make  the  dolomite  stick,  the  addition  of  a little  tar  will 
be  found  advantageous.  Under  ordinary  circumstances,  how- 
ever, it  is  of  no  benefit,  and,  since  it  fills  the  furnace  with  a dense 
smoke,  often  a positive  drawback,  insomuch  as  the  patching  is 
delayed  until  the  fumes  clear  away. 

This  method  of  making  dead-burnt  dolomite  gives  a remark- 
ably uniform  and  clean  product.  The  stone,  before  being  burnt, 
may  be  said  to  be  mixed  four  times — in  the  crusher,  in  the  pan, 
on  the  mixing  floor,  and  in  the  two  horizontal  mixers.  The 
grinding,  after  it  is  dead-burnt,  further  tends  to  increase  this 
uniformity.  Such  material  is  preeminently  fitted  for  lining  Bes- 
semer converters,  and  while  it  is  very  valuable  for  open  hearth 
work,  it  may  be  said  to  be  too  good  for  that  purpose,  since 
material  not  so  clean,  not  so  uniform,  and  not  so  well  shrunken 
will  answer  fully  as  well.  The  difference  in  cost  between  the  two 
would  probably  not  be  so  great  if  the  tonnage  of  product  were 
large  enough.  The  amount  of  basic  material  required  for  patch- 
ing the  bottom  ranges  between  ioo  and  200  pounds  per  ton  of 
ingots  made.  Taking  the  average  at  150  pounds,  a single  20- 
ton  furnace  making  a heat  every  twelve  hours,  would  require 
3000  pounds  of  dolomite  per  day.  Running  one  cupola  to 
supply  such  a furnace  would,  of  course,  be  an  expensive  opera- 
tion, and  it  is  probable  that  it  would  not  pay  unless  the  steel 
plant  consisted  of  at  least  four  furnaces.  In  order  to  make  dead- 
burnt  dolomite  economically  by  the  “brick  making”  process,  a 
product  of  at  least  300  tons  per  month,  or  say  twelve  tons  per 
day  must  be  attained,  hence  the  steel  plant  must  consist  of  at 
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least  eight  or  ten  furnaces.  If  the  stone  be  burnt  by  either  of 
the  processes  for  a less  number  of  furnaces  than  noted,  the  cost 
will  be  considerably  increased,  and  would  probably  almost  reach 
that  at  which  calcined  magnesite  can  be  bought. 

In  every  case  where  I have  used  the  word  dolomite,  calcite 
may  be  substituted,  since  in  preparing  it  for  use  as  a basic 
refractory  material  it  must  go  through  the  same  treatment  as  is 
given  to  dolomite.  Its  behavior  is  similar  to  dolomite  in  all 
respects,  and  the  results  from  its  use  in  every  way  just  as  good. 
The  difficulty  and  expense  of  preparing  dead-burnt  material  for 
basic  open  hearth  work  have  undoubtedly  prevented  many 
owners  of  small  plants  from  using  this  process.  This  trouble 
has  been  overcome  in  England  by  the  establishment  of  several 
companies  that  burn  the  stone  at  the  quarries  and  ship  it  to  the 
various  Bessemer  and  open  hearth  works.  One,  at  least,  of 
these  companies  was  formed  through  the  cooperation  of  several 
open  hearth  steel  makers,  no  single  one  of  whom  would  have 
been  warranted  in  erecting  a plant  for  burning  the  stone  solely 
for  his  own  use.  J.  S.  Robeson. 


SOCIETIES. 

TAU  BETA  PI. 

On  March  17th,  the  following  members  of  the  Class  of ’94 
were  received  into  Tau  Beta  Pi:  Aubrey  Weymouth,  Weldon  B. 
Wooden,  William  A.  Allgaier,  M.  Harry  Holz,  Thomas  W. 
Wilson,  William  McC.  Hall,  Rezeau  B.  Brown,  William  A.  Payne. 
The  initiation  supper,  at  the  Wyandotte  Hotel,  with  its  accom- 
paniment of  speechmaking  and  good-fellowship,  was  an  enjoyable 
and  commendable  addition  to  the  usual  exercises  of  the  occasion. 

THE  ENGINEERING  SOCIETY. 

At  the  February  meeting  of  the  Engineering  Society,  the  for- 
mal papers  were  an  interesting  report  by  Mr.  Sage,  chairman  of 
the  Electrical  committee,  and  a paper  describing  the  great  Forth 
Bridge  by  Mr.  Blickle. 
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At  the  meeting  held  in  the  Chemical  Laboratory,  March  23d, 
Mr.  Seibert  delivered  a very  interesting  and  instructive  lecture 
on  the  Geodetic  and  Coast  Survey,  illustrated  by  stereopticon 
views,  sent  out  by  the  United  States  Coast  Survey.  The  lecture 
was  open  to  the  public,  and  in  spite  of  the  bad  weather  the 
lecture  room  was  well  filled. 

An  amendment  to  the  by-laws  was  adopted,  at  the  same  meet- 
ing, providing  for  a committee  of  investigation  for  the  purpose  of 
conducting  scientific  investigations  under  the  directions  of  the 
Society. 

An  effort  is  being  made  to  obtain  a room,  in  Christmas  Hall 
or  elsewhere,  for  the  use  of  the  Society. 

ELECTRICAL  ENGINEERING  SOCIETY. 

The  Electrical  Engineering  Society  has  at  last  began  to  meet 
regularly,  and  we  are  glad  to  note  the  interest  already  manifested 
in  the  papers  read  at  each  meeting.  The  first  of  this  year  was 
held  in  the  Physical  Laboratory,  March  3rd.  Mr.  H .J.  Atticks, 
’93,  president  of  the  Society,  called  the  meeting  to  order  at  7:30 
o’clock.  It  was  decided  to  hold  meetings  thereafter  every  two 
weeks,  on  Wednesday  nights,  at  7:30  o’clock. 

Mr.  Sage,  ’93,  then  read  an  interesting  and  well  illustrated  pa- 
per on  “ Water  Wheels,”  and  explained  several  methods  of 
automatic  speed  regulation,  used  when  driving  dynamos.  Mr. 
Grissinger,  ’94,  followed  with  a paper  011  “ Telephone  Trans- 
mitters and  Receivers.”  He  has  devoted  much  time  and  study 
to  telephony,  and  was  well  capable  of  giving  an  interesting  paper 
— which  he  did. 

The  next  meeting  was  called  to  order  by  the  president,  in  the 
Physical  Laboratory,  on  night  of  March  22d.  The  two  papers 
read  were  by  Messrs.  Van  Cleve,  ’93,  and  Henshaw,  ’94.  Mr. 
Van  Cleve’s  paper  was  on  “ Secondary  Cells,”  and  treated  in  a 
comprehensive  manner  the  construction  and  peculiarities  of  most 
of  the  prominent  batteries  used  in  practice,  explaining  the  several 
functions  of  the  sulphate  and  peroxide  formations.  Mr.  Henshaw 
then  discussed  the  “ Present  Situation  of  Incandescent  Lamp 
Interests,”  giving  an  historical  sketch  of  the  incandescent  lamp 
and  describing  the  new  “ Westinghouse  Lamp,”  that  has  recently 
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been  placed  upon  the  market  and  promises  so  many  things.  Both 
papers  were  followed  by  short  discussions. 

From  the  tenor  of  the  papers  read  thus  far,  we  see  no  reason 
why  the  Electrical  Engineering  Society  should  not  continue  to 
to  prosper,  and  inspire  even  more  interest  than  it  now  does. 


ANNOUNCEMENT. 

The  time  is  approaching  for  the  selection  of  a new  Quarterly 
Board  for  the  college  year  1893-94.  In  order  that  the  elections 
may  be  based  on  the  proved  ability  and  interest  of  the  candi- 
dates, the  present  Board  has  adopted  the  plan  of  having  a com- 
petition for  these  positions.  This  competition  is  to  consist  of  the 
preparation  of  essays  or  papers  on  certain  assigned  subjects 
under  the  following 

RULES. 

1.  The  competition  shall  be  open  to  all  Juniors,  except  editors 
of  the  Burr.  As  far  as  may  seem  expedient,  it  is  desirable  to 
have  one  man  from  each  of  the  six  principal  departments  of  the 
University, — viz.,  the  Schools  of  General  Literature,  Civil,  Me- 
chanical, Mining,  and  Electrical  Engineering,  and  Analytical 
Chemistry.  In  no  case  will  more  than  two,  of  the  six  men  to  be 
chosen,  be  taken  from  the  same  department. 

2.  The  subjects  for  these  papers  will  be  assigned  by  the  Board, 
and  the  choice  of  subject  will  be  limited  to  those  thus  assigned. 

3.  The  length  of  the  papers  is  left  to  the  discretion  of  the 
writers,  but  a minimum  limit  of  800  words  and  a maximum 
of  3500  are  recommended,  the  latter  especially. 

4.  The  papers  are  to  be  mailed  to  the  Editor-in-Chief  of  the 
Quarterly  on  or  before  May  15,  1893.  They  are  to  be  signed 
with  a fictitious  name  or  initials,  and  the  course  (of  study)  of  the 
writer  is  also  to  be  noted  with  this  signature;  and  they  are  to  be 
accompanied  by  a sealed  envelope  bearing  on  its  exterior  the 
same  anonymous  designation,  and  containing  a statement,  signed 
with  the  correct  name  of  the  writer,  declaring  that  the  accom- 
panying paper  is  his  own,  unaided  work. 
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The  papers  will  be  read  and  judgment  pronounced  on  them 
before  the  sealed  envelopes  are  opened.  The  elections  will  be 
based  on  this  judgment,  modified  to  a certain  degree  by  knowl- 
edge of  the  personal  characteristics  of  the  writer.  Realizing 
that  other  things  besides  the  ability  to  write  are  requisite  in  the 
successful  editor,  the  Board  reserves  to  itself  a certain  latitude  of 
choice ; but  the  writers  from  any  one  department  will  be,  in  any 
case,  preferred  candidates  for  the  position  of  representative  of 
that  department. 

The  object  of  this  test  is  two-fold.  First , to  find  out  who  have, 
and  can  demonstrate,  the  necessary  literary  ability;  second , to 
secure  as  our  successors  men  who  have  shown  their  interest  in 
the  Quarterly  and  their  willingness  to  work  for  it  by  the  effort 
which  the  preparation  of  such  papers  will  require.  This  plan  is 
an  experiment,  which  we  look  to  the  Junior  Class  to  make  suc- 
cessful. 

The  following  subjects  have  been  selected : 

College  Honor  in  Examinations  (with  special  reference  to  the 
Princeton  scheme). 

The  Position  of  Modern  Languages  in  a Technical  Education. 

Modern  Methods  of  Topographical  Surveying. 

Bridges  over  the  Lehigh  before  1850. 

Slag  Bricks. 

Methods  of  Producing  Sound  Steel  Castings. 

Self-Lubricating  Materials  for  Bearings. 

Methods  of  Reproducing  and  Duplicating  Drawings. 

Status  of  the  Problem  of  Directly  Converting  the  Heat  of  Coal 
into  Electricity. 

Electricity  as  a Transmitting  Medium. 

Ventilation  as  Applied  to  Future  Deep  Mining  in  the  Anthra- 
cite Regions. 

Review  of  the  Present  Condition  of  the  Glacial  Theory. 

Discussion  of  the  Relations  of  Alchemy  and  Chemistry. 

The  Determination  of  Phosphorus  in  Pig  Iron  by  Titration. 

The  treatment  of  these  subjects  may  be  descriptive;  may  con- 
sist in  the  discussion  of  vexed  questions  ; may  sum  up  the  result  of 
reading  to  determine  the  status  of  the  process  or  theory ; may 
be  historical.  We  desire  papers  that  would  be  worthy  of  being 
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read  before  the  engineering  societies,  but  rather  more  carefully- 
prepared  (as  to  literary  composition)  than  the  average  paper  of 
that  class.  Finally,  as  we  hope  to  publish  a number  of  these 
essays,  we  request  that  the  usual  rule, — write  on  one  side  only  of 
the  paper — be  followed. 


HE  Tau  Beta  Pi  Society,  whose  history  occupies  the  place  of 


honor  in  this  number  of  the  Quarterly,  is  a Lehigh  institu- 
tion which  has  grown  into  a permanent  place  in  the  life  of  the 
University;  but  its  work  is  so  quiet  and  unostentatious  that  to 
many  of  our  readers  it  has  been  little  more  than  an  empty  name. 
None  is  fitter  to  tell  of  the  history  and  purposes  of  this  organiza- 
tion than  Professor  Williams,  who  was  prime  mover  in  its  forma- 
tion. The  benefits  which  the  society  aims  to  confer  upon  those 
who  prove  themselves  worthy  to  become  members  he  clearly 
outlines. 

Against  such  a classification  of  college  men  as  Tau  Beta  Pi 
makes,  it  may  be  urged — and  not  without  some  show  of  justice — 
that  high  stand  in  one’s  class  is  not  a sure  test  of  capability;  that 
the  man  who  devotes  a great  deal  of  his  time  to  athletics,  to  lit- 
erary work,  or  to  some  other  form  of  activity  outside  of  his  studies, 
putting  only  the  minimum  amount  of  work  upon  the  latter,  may 
be  not  less  capable  and  less  likely  to  succeed  in  after  life  than  the 
steady  and  persistent  “ grind.”  Doubtless  there  are  many  cases 
where  this  holds  true.  But  when  we  apply  to  college  life  the 
same  criterions  that  business  and  professional  life  is  judged  by; 
when  we  remember  that  in  college,  as  out  of  it,  strict  attention  to 
duty  and  persevering  industry  are  what  lead  to  success;  and  that 
for  securing  high  rank  not  only  hard  work  but  a considerable 
amount  of  natural  ability  is  needful;  when  we  take  account  of  all 
these  things,  it  seems  a not  unreasonable  application  of  the  law 
of  probabilities  to  conclude,  that  the  honor  of  wearing  the  badge 
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of  Tau  Beta  Pi  is  not  only  a reward  for  meritorious  attainment  in 
college,  but  a good  augury  for  the  success  of  the  wearer  in  the 
work  of  his  profession. 

The  description  of  some  recent  discoveries  in  the  archaeological 
line,  rendered  from  the  German  by  Mr.  Fichter,  of  Bethlehem — 
who,  as  a native  of  the  Father  of  Republics,  is  naturally  interested 
in  the  researches  into  the  life  of  pre-historic  man  so  successfully 
carried  on  by  his  countrymen — is  an  interesting  diversion  from 
the  usual  class  of  subjects  treated  in  our  pages.  We  have  in  the 
settlement  whose  remains  have  been  so  carefully  dug  up  the 
rather  curious  anomaly  of  cave  dwellers  who  did  not  dwell  in  a 
cave,  but  under  the  open  sky.  The  topography  of  the  spot,  with 
its  sheltering  cliffs,  accounts  for  their  choice.  This  article  is 
especially  apropos  for  those  who  have  been  attending  Dr.  Worces- 
ter’s Bible  class ; the  outline  of  the  general  subject  which  he  has 
given  will  enable  them  to  read  this  more  detailed  account  of  a 
particular  case  with  understanding  and  appreciation. 

Prof.  Merriman,  in  his  suggestion  as  to  the  use  of  the  Library, 
touches  upon  an  important  topic.  It  is  probable  that  of  those 
students  who  spend  some  part  of  each  day  in  the  Library,  not 
more  than  one-third  go  there  to  read — the  use  of  the  building 
as  a study  and  waiting-room  between  recitations  accounts,  how- 
ever, for  this.  But  the  worst  of  it  is,  that  of  those  who  do  read, 
nine-tenths  spend  their  time  in  a mere  cursory  glance  over  the 
current  periodicals,  and  only  a paltry  few  are  engaged  in  real 
systematic  reading  or  study.  After  a brief  setting  forth  of  the 
advantages  of  systematic  general  reading,  Prof.  Merriman  devotes 
the  bulk  of  his  article  to  giving  useful  hints  and  directions  to 
those  who  wish  to  pursue  special  lines  of  research  on  topics  of 
science  and  engineering,  telling  them  where  to  look  for  the 
guides,  who  will  lead  them  through  the  great  maze  of  technical 
periodical  literature  to  the  treasures  of  information  for  which 
they  are  seeking.  The  paper  is  eminently  practical,  and,  evi- 
dencing as  it  does  a large  experience  in  such  work,  will  be  of 
permanent  value  to  all  who  expect  to  spend  much  time  in  delving 
among  books  for  knowledge. 

In  the  second  part  of  his  Notes  on  Rope  Driving,  Prof.  Flather 
goes  into  the  details  of  the  design  of  a rope  drive ; he  describes 
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the  methods  of  avoiding  the  evil  effects  of  differential  driving 
effect,  discusses  durability  and  proper  working  stresses  in  ropes, 
gives  the  usual  practice  as  to  size  of  rope  used,  and  deduces 
complete  formulae  for  the  horse  power  transmitted.  Now  that 
the  subject  has  been  completed,  the  value  of  this  contribution  to 
the  pages  of  the  Quarterly  becomes  fully  evident,  and  we  feel 
sure  that  it  will  be  a useful  addition  to  the  knowledge  of  many 
of  our  readers. 

The  account  of  the  Port  Royal  Dry  Dock,  which,  so  far  as 
we  know,  has  not  been  as  yet  described  in  any  unofficial  publica- 
tion, comes  from  an  Alumnus  who,  as  assistant  engineer  in 
charge  of  the  work,  knows  whereof  he  writes.  Mr.  Diebitsch 
has  described,  chiefly,  the  structural  features  of  the  work,  and 
has  written  in  a popular  style,  which  will  make  his  paper  interest- 
ing not  only  to  civil  engineers  but  to  all  others. 

The  paper  on  sanitary  water  analysis  by  Prof.  Dashiell,  a for- 
mer instructor  in  Organic  Chemistry,  while  in  its  description  of 
methods  it  appeals  chiefly  to  the  chemist,  is  of  interest  to  all, 
for  every  man  is  interested  in  the  question  of  pure  water  supply. 
The  writer  describes  the  several  chemical  methods,  gauging  their 
value,  and  compares  them  with  the  more  recent,  more  accurate, 
but  more  time  consuming  bacteriological  tests  for  dangerous  im- 
purities in  water,  and  draws  conclusions  as  to  their  relative  po- 
sitions in  practical  work. 

The  basic  processes  for  making  steel  and  iron  from  ores  high 
in  phosphorus  has  been  attracting  a great  deal  of  attention  from 
metallurgists  all  over  the  world  for  some  years.  Mr.  Loeb’s 
description  of  basic  Bessemer  steel  making,  as  conducted  in  one 
of  the  two  successful  mills  of  the  kind  in  this  country,  gives  a 
complete  outline  of  this  branch  of  the  subject,  which  will  be  of 
interest  to  our  general  readers,  though  it  may  not  contain  much 
that  is  novel  to  those  who  have  made  a special  study  of  the 
modern  metallurgy  of  iron.  To  those  who  are  more  concerned 
with  the  specialties  of  the  subject,  the  paper  by  Mr.  Robeson, 
superintendent  of  the  same  plant  — the  Pottstown  Steel  Works — 
on  basic  furnace  and  converter  linings  will  appeal  more  forcibly. 
Current  practice  as  to  composition,  preparation,  and  placing  of 
these  lining  materials  is  clearly  set  forth  in  concise  terms. 
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HE  Engineering  Society  is  trying  to  secure  a room  in  Christ- 


i mas  Hall  where  it  can  keep  its  possessions  — models,  draw- 
ings, books,  etc.  — a combined  library  and  museum.  This 
attempt  to  establish  a regular  headquarters  for  one  of  our  or- 
ganizations, leads  us  to  say  something  about  a suggestion  which 
appeared  in  the  Burr  of  March  4;  a suggestion  which  is,  we 
think,  the  very  best  that  has  yet  been  made  with  regard  to  the 
memorial  which  the  Alumni  Association  is  so  anxious  to  erect 
to  our  founder.  What  we  need  more  than  anything  else  is  a 
building  where  our  various  societies  can  hold  their  meetings,  and 
have  rooms  of  their  own  in  which  to  hold  committee  and  other 
small  meetings,  and  keep  their  archives. 

The  Engineering  Society  might,  in  a few  years,  accumulate  a 
valuable  collection  of  models,  papers  prepared  by  members,  pam- 
phlets, drawings,  photographs,  etc.,  if  only  it  had  a place  in 
which  to  preserve  them  and  make  them  accessible  for  reference. 
The  special  engineering  and  scientific  societies  do  have,  at  present, 
a certain  degree  of  accommodation  as  to  meeting  places  in  the 
buildings  of  their  several  department.  But  they  would  be  better 
off  if  brought  into  closer  contact  with  each  other,  and  thus 
stimulated  to  a friendly  rivalry.  College  debating  societies,  in- 
terest in  which  has  been  recently  aroused  to  an  unusual  degree, 
have  no  place  suitable  for  holding  their  meeting.  The  Y.  M.  C.  A. 
hopes  to  have  a building  of  its  own  some  day.  But  this  day 
must  be  a good  many  years  in  the  future;  and  the  construction 
of  a separate  building  for  this  one  organization  would  involve  a 
dispersion  of  energy  which  had  better  be  concentrated  in  such  a 
scheme  as  has  been  suggested  to  us — “ Alumni  Hall.” 

We  have  in  mind  a building  with  one  large  auditorium,  capable 
of  seating  three  or  four  hundred ; connecting  with  it  several 
smaller  rooms,  of  fifty  to  a hundred  capacity,  which  could,  on 
special  occasions,  be  thrown  open  to  the  main  hall,  and  which 
would  be  used  for  the  regular  meetings  of  the  Y.  M.  C.  A.,  Bible 
Class,  Technical  Societies,  Literary  Societies,  Musical  Organiza- 
tions, etc.;  a number  of  smaller  rooms  to  be  used  as  headquarters 
by  the  individual  organizations,  to  which  their  officers  could 
have  access  at  all  reasonable  hours,  and  where  their  possessions 
and  records  could  be  kept  and  handed  down  intact  from  year  to 


130 


Editorial. 


year.  A reading  room,  such  as  many  colleges  possess,  where 
the  current  periodicals  can  be  looked  over  without  the  tedious 
formality  of  library  checks,  would  be  a most  welcome  addition 
to  our  college  facilities. 

We  all  realize  the  lack  of  that  unity  in  college  life  which  the 
centralizing  influence  of  the  dormitory  system  tends  to  develop. 
Dormitories  we  see  no  prospect  of,  nor  are  we  sure  that  they  are 
greatly  to  be  desired.  But  such  a college  headquarters  as  a 
building  like  this  — placed  on  the  most  accessible  part  of  the 
Campus,  and  not  at  the  very  top  of  the  hill  where  the  present 
make-shift,  the  Gymnasium,  is  situated  — such  a common  center 
would  do  much  towards  bringing  about  that  contact  between 
man  and  man,  and  class  and  class,  away  from  daily  work,  which 
is  so  much  needed. 

A bronze  statue  would  be  a beautiful  memorial ; a larger  ob- 
servatory would,  doubtless,  greatly  facilitate  astronomical  work 
and  observations ; an  hydraulic  laboratory  is  needed,  to  a certain 
degree ; but  from  the  standpoint  of  the  greatest  good  to  the 
greatest  number,  and  as  a supplement  to  the  munificent  gifts  of 
Asa  Packer,  nothing  would  accomplish  so  much,  nothing  testify 
so  loudly  to  the  gratitude  and  loyalty  of  those  who  in  the  past 
have  enjoyed  the  fruits  of  his  benefactions,  as  such  an  addition 
to  the  noble  structures  which  crown  our  campus. 


HE  Quarterly  goes  to  press  with  final  action  on  the  “beer 


question”  still  pending;  but  even  though  the  matter  will 
probably  have  been  settled  by  the  time  this  reaches  our  readers, 
we  can  not  forbear  an  expression  of  opinion.  The  custom,  in 
accordance  with  which  the  Freshmen  used  to  supply  to  the 
Sophomores  free  and  unlimited  beer  on  Cremation  night,  was  first 
voted  down  in  ’93,  strong  efforts  to  the  same  end  having  been 
unsuccessfully  made  in  several  previous  classes.  Attempts  to 
revive  it  were  met,  in  ’94  and  ’95,  by  largely  increasing  majori- 
ties. By  what  seems  to  have  been  a rather  hasty  action  of  the 
Freshman  Class,  in  a class  meeting  where  one  side  was  much  more 
fully  aware  than  the  other  that  the  question  was  to  be  brought 
up,  it  was  voted  to  revive  this  custom.  Criticism  of  the  method 
of  makingithis  decision  is  superfluous,  however,  as  the  question 
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has  since  been  re-opened  and  is  to  be  decided  by  a poll  ballot,  in 
which  each  voter  will  be  given  an  opportunity  to  register  his 
opinion. 

As  to  the  “custom”  itself — though  why  it  should  be  called  a 
custom  after  having  been  rejected  by  the  upper  classes  we  do  not 
see — it  is  a subject  which  it  is  extremely  difficult  for  a strong 
advocate  of  either  side  to  view  from  the  standpoint  of  his  oppo- 
nent; so  that  common  premises  for  an  argument  are  somewhat 
hard  to  find.  But  laying  aside  all  questions  as  to  the  consump- 
tion of  beer  by  individuals  and  in  not  excessive  quantities,  all,  or 
nearly  all,  will  agree  that  for  a crowd  of  men — any  kind  of  men, 
but  especially  collegians — to  get  together  around  a couple  of  beer 
kegs,  with  all  the  enthusiasm  which  comes  with  numbers  and 
with  every  restraint  thrown  off;  for  such  a crowd  to  get  together 
and  indulge  in  the  wild  orgies  that  have  characterized  this  cele- 
bration in  the  past,  is  neither  an  act  worthy  of  educated  gentle- 
men, nor  a credit  to  an  institution  of  higher  learning. 

It  is  futile  to  say  that  if  the  men  want  beer  they  will  get  it  any- 
how— therefore  give  it  to  them.  It  is  true  that  small  parties  may 
go  to  saloons  after  the  cremation  ceremonies,  and  there  indulge 
in  liquid  refreshments;  but  they  are  likely  to  be  the  habitues, 
who  “have  been  there  before”  and  who  “can  stand  it.”  But 
suppose  all  these  parties  coalesced  into  a crowd,  and  with  them 
many  who  only  want  to  see  the  fun,  or  who  have  a half  desire  to 
be  “a  little  tough.”  Add  the  strong  influence  of  example  and  of 
numbers  and — well,  we  would  not  care  to  bear  the  responsibility 
for  what  is  likely  to  follow. 

The  decision  of  the  Freshmen  Class,  if  persisted  in,  is  a distinct 
step  backward,  a renewal  of  a blot  which  had  been  wiped  from 
Lehigh’s  escutcheon.  It  is  against  the  sentiment  not  only  of  the 
other  class  immediately  concerned — the  Sophomores — but  also 
of  the  upper  classes;  not  only  of  the  radical  temperance  men,  but 
of  the  great  number  who,  while  they  do  not  take  a strong  per- 
sonal stand  in  this  matter,  are  opposed  to  having  a grand  “ college 
drunk”  with  the  stamp  of  organized  approval  upon  it.  We  echo 
the  opinion  of  the  great  majority  of  the  students,  outside  of  the 
Freshmen  Class,  when  we  say,  that  if  ’96  really  desires  to  con- 
tribute to  the  events  of  Commencement  Week,  it  could  certainly 
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have  found  something  more  creditable  to  itself  and  to  the  Uni- 
versity than  the  attempted  revival  of  the  worst  custom  Lehigh 
ever  had. 

CRITICISM  is  a good  and  beneficial  thing  if  given  and  received 
in  the  right  spirit;  we  know  this  and  we  are  always  glad  to 
hear  what  our  esteemed  contemporary  the  Burr  has  to  say  about 
us.  But  in  the  review  of  our  last  number  there  was  a little 
criticism  with  which  we  do  not  agree.  The  critic  objects  to  our 
having  an  editorial  on  the  athletic  situation,  on  the  ground  that 
since  the  Quarterly  is  an  Engineering  Magazine,  it  ought  not 
to  concern  itself  with  the  affairs  of  ordinary  college  life,  but  devote 
its  entire  attention  to  scientific  discussions ; and  then,  rather  in- 
consistently, he  reproaches  us  for  having  abandoned  the  depart- 
ments of  “Waifs  and  Strays”  and  “Original  and  Good;”  depart- 
ments in  which,  if  the  critic  will  review  them,  he  will  find  athletics 
and  other  college  subjects  treated  of;  but  departments  literary  in 
nature,  which,  in  the  trend  of  the  Quarterly  towards  the  char- 
acter of  a publication  almost  entirely  devoted  to  technology,  have 
been  very  consistently  dropped.  In  our  editorial  columns  we 
feel  just  as  much  at  liberty  to  discuss  questions  affecting  the  wel- 
fare of  our  Alma  Mater  as  does  the  Burr,  though  of  course,  with 
our  less  frequent  issue,  we  have  to  limit  our  attention  to  matters 
of  the  least  transient  interest. 


FOR  LEHIGH  MEN. 


This  column  will  contain,  chiefly,  such  information  in  regard  to  addresses  and  occupations  of  Alumni 
as  does  not  appear  in  the  latest  issue  of  the  Lehigh  Register.  Please  contribute. 

’77.  L.  T.  Wolle,  C.E.,  Cambria  Mining  Co.,  Cambria,  Wy. 

’79.  F.  W.  Sargent,  C.E.,  Gen.  Agt.  of  Sargent  Co.,  Iron  and  Steel  Founders,  49th 
and  Wallace  St.,  Chicago,  111. 

’85.  T.  W.  Birney,  C.E.,  420  5th  St.,  N.  W.,  Washington,  D.  C. 

’85.  W.  N.  Edson,  C.E.,  Superintendent  of  Bridges  and  Construction  Department, 
Pennsylvania  Steel  Co.,  Steelton,  Pa. 

’86.  J.  H.  Brown,  C.E.,  164  Dearborn  Ave.,  Chicago,  111. 

’87.  H.  S.  Meily,  C.E.,  Huntingdon,  Pa. 

’88.  J.  J.  Clarke,  M.E.,  Colliery  Engineer , Scranton,  Pa. 

’89.  J.  W.  Dougherty,  B.S.,  Superintendent  of  Blast  Furnaces,  Pa.  Steel  Co., 
Steelton,  Pa. 

’91.  F.  C.  Lauderbum,  B.A..  with  Newark  Advertiser. 

’91.  A.  Eavenson,  A.C.,  Asst.  Chemist,  P.  & R.  R.  R.,  419  Franklin  Street, 
Reading,  Pa. 

’91.  E.  H.  Coxe,  C.E.,  Asst.  Engineer,  Columbus  & Hocking  Valley  Coal  and  Iron 
Co.,  Buchtet,  O. 

’92.  W.  L.  Jacoby,  M.E.,  Latrobe  Steel  Works,  Latrobe,  Pa. 

’92.  C.  T.  Mosman,  E.E.,  Lynn,  Mass.,  with  Thomson  & Houston  Electric  Co. 

’92.  A.  Schneider,  C.E.,  with  Union  Pacific  R.  R.,  care  J.  C.  Melvery,  Ogden, 
Utah. 

’91.  H.  Ichikawa,  A.C.,  care  Imperial  Printing  Bureau,  Tokio,  Japan. 

As  an  example  of  how  a man’s  reputation  may  travel  without  his  knowing  it : 
Prof.  Merriman  has  recently  received  a copy  of  a little  Journal  de  Sciencias  Mathe- 
maticas  e Astronomicas,  published  in  Coimbra,  Portugal,  in  which  is  reviewed  a 
translation  of  his  book  on  The  Method  of  Least  Squares.  This  translation  was  made 
by  a Professor  Balbin  of  the  University  of  Beunos  Ayres,  for  the  use  of  students  in 
that  institution  ; it  was  published  in  1889,  and  reviewed  in  this  Portuguese  journal  the 
same  year.  And  now,  four  years  after,  the  first  knowledge  of  the  translation  comes 
to  the  author  of  the  work. 

Lehigh,  it  has  finally  been  decided,  is  to  have  an  exhibit  at  the  World’s  Fair.  It 
will  consist  of  outlines  of  the  courses,  numerous  drawings,  pictures  of  buildings,  and 
of  drawing  rooms  and  laboratories,  pictures  of  the  various  athletic  teams,  copies  of  the 
several  publications,  and  any  examples  of  students’  work  in  the  way  of  apparatus 
which  may  be  of  sufficient  merit.  Hard  work  is  being  put  on  the  preparation  of  the 
exhibit. 
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KEY  TO  ABBREVIATIONS  OF  NAMES  OF  PERIODICALS. 


TITLES.  WHERE  PUBLISHED. 

Abstract  of  the  Proceedings  of  the  Chemical 

ABBREVIATIONS. 

Society. 

London. 

Ab.  Proc.  Chem.  Soc. 

American  Architect. 
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Ellipsoid,  Surface  of.  Annals  of  Math.,  Nov.,  1892. 

Endophytic  Parasite  of  Diatoms.  Roy.  Micro.  Soc.,  Feb. 

Engine,  Harris-Corliss.  Coll.  Eng.,  Feb.  9. 

Engine,  Backus  Gas.  Am.  Mach.,  Mar.  2. 

^Engine,  Americanized  Priestman.  Am.  Manf.  and  I.  W.,  Feb.  17. 

Engines,  Triple  Exp.  of  II.  M.  S.  “Jason.”  Eng.,  Feb.  3. 

Engines,  Tandem  Comp.,  for  Stern  Wheel  Steamers.  Eng.,  Mar.  3. 

Engines,  Compound  Expansion.  I.  Age,  Feb.  23. 

Engines  of  H.  M.  S.  “Circe.”  Eng.,  Mar.  10. 

Engines  of  Yacht  “Neaira.”  Am.  Mach.,’  Feb.  16. 

Engines,  Two-Cylinder  vs.  Multi-Cylinder.  A.  S.  M,  E.,  XIII,  647. 

Engines,  the  Priestman.  Jour.  Frank.  Inst.,  Feb. 

Engrais,  Azotes,  les.  Jour.  Ph.  et  Ch.,  Feb. 

Essigsiiureannydrid,  Einwirkung  auf  Aceton  Bicarbonsaure.  Leibig’s  An.  No.  3. 
Ethoxysuccinic  Acid,  Optically  Active.  Jour.  Chem.  Soc.,  Feb. 

European  Seas,  Relative  Elevation  of.  Eng.  News,  Feb.  9. 

Explosifs,  Sur  de  Nouveaux.  Bull.  Soc.  Ch.,  Feb. 

L’Extrait  Laisse  par  l’Evaporation  du  Yin,  Sur  le  Dosage  de.  Bull.  Soc.  Chi. 
Jan.,  No.  1. 

Fan,  Electric  Motor.  Eng.  Min.  jour.,  Feb.  18. 

False  Work  Construction.  Eng.  News,  Mar.  9. 

Fatty  Acids,  Estimation  of  Insolubility  of.  Anal.,  Feb. 

F'atty  Acids,  Free,  in  Oil  Cake.  Jour.  Soc.  Chem.  Ind.,  Jan.  31. 

Ferric  Salts,  Reaction  of,  with  Sulphocyanates.  Chem.  News,  Feb.  10. 
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Fibre  Graphite,  A Self  Lubricating.  A.  S.  M.  E.,  XIII,  375. 

Fire  Damp,  Petroleum  Vapor  or  other  Inflammable  Gas,  Detection  of.  Jour.  Soc. 
Arts,  Feb.  16. 

Fire-Place,  Evolution  of  the  Modern.  Am.  Arch.,  Jan.  14. 

Fire-proof  Buildings,  Effect  of  Fire  on.  Am.  Arch.,  Jan.  14. 

Flaws  in  Standard  Code.  R.  R.  Gaz.,  Mar.  3. 

Fluors,  Bestimmung  in  Planzenaschen.  Ber.  No.  2. 

Fluor  dans  les  Gaz  Combustible,  le  Dosage.  Bull.  Soc.  Chi.,  Feb.,  No.  4. 

Fluor,  Nouvelle  Methode  pour  le  Dosage  du.  Bull.  Soc.  Chi.,  Feb.,  No.  3. 

Flying  Machines,  Progress  in.  Am.  Eng.  R.  R.  Jour.,  Feb. 

Flight,  Mechanical.  Eng.,  Mar.  10. 

Fly  Wheel,  A Novel.  A.  S.  M.  E.,  XIII,  618. 

Foundry  Exhibit  at  Fair.  I.  Age,  Mar.  16. 

Foundry  Practice  with  Keep’s  Tests.  Am.  Mach.,  Feb.  9. 

French  Art  and  Education,  A Century  of.  Am.  Arch.,  Jan.  28. 
Furfurallavulinsauren.  Ber.  No.  3. 

Furfurolhydrazone,  An  Improved  Method  for  Gravimetric  Estimation  of.  Jour.  An. 
Ap.  Chem.,  Feb. 

Furnaces,  Down  Draft,  for  Steam  Boilers.  Am.  Eng.  R.  R.  Jour.,  Feb. 

Furnace,  Electric,  for  a Laboratory.  Eng.  Min.  Jour.,  Mar.  4,  and  I.  Age,  Feb.  9. 


*Gadolfnite  Earths,  Remarks  on.  Chem.  News,  Jan.  20. 

*Gadolmite  Earths,  Action  with  Potassium  Chromate.  Chem.  News,  Feb.  17. 
Gadolmitude,  Moleculargewicht  der.  Jour,  fiir  Prakt.  Ch.  No.  1. 

Garbage  Cremation.  Am.  Arch.,  Mar.  11. 

Gases,  Rate  of  Explosion  of.  Chem.  News,  Jan.  27. 

Gas  Supply  for  New  York  City,  New  Method.  Sci.  Am.,  Feb.  25. 

*Gas  in  Ohio,  Present  Condition  of  Natural.  Am.  Manf.  and  I.  W.,  Feb.  3. 
Gas  vs.  Electricity  for  Illuminating  Purposes.  Sci.  Am.  Sup.,  Feb.  25. 

*Gas  Fields,  Indiana.  Am.  Manf.  and  I.  W.,  Mar.  3. 

Gazes  et  Onates  Antiseptique.  Jour.  Ph.  et  Ch.,  No.  5,  Mar. 

^Glacial  Period.  Sci.  Am.,  Feb.  11. 

Glass  Industry.  Pop.  Sci.  Mo.,  Feb. 

Glass  Furnace,  Murphy.  Am.  Manf.  and  I.  W.,  Mar.  3. 

Glycerine.  Chem.  News,  Jan.  27. 

Glycolid  und  Seine  Homologen.  Ber.  No.  2. 

Gluten,  Preexistence  du,  daus  le  Ble.  Jour.  Ph.  et.  Ch.,  No.  5,  Mar. 
Glyoxylique,  Sur  l’Acid.  An.  Chem.  et  Ph.,  Jan. 

Gold  Ores,  Variations  in  Milling  of.  Eng.  Min.  Jour.,  Mar.  11. 

Gold  Mining,  Chinese  Method.  Sci.  Am.  Sup.,  Feb.  16. 

Gold  Exports  of  1892.  Eng.  Min.  Jour.,  Feb.  n. 

Gold  Mines  in  New  Mexico.  Coll.  Eng.,  March. 

Good  Roads,  Movement  for.  Eng.  Rec.,  Feb.  4. 

Gomme-Arabique,  L’Histoire  de  la.  Bull.  Soc.  Chi.,  Jan. 

Gommes,  Examen  Polarimetrique  des.  Bull.  Soc.  Ch.,  Jan. 

Governing,  Compounding  Centrifugal  and  Load.  A.  S.  M.  E.,  XIII,  325. 
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Grade  Crossing  Bill,  Chicago.  Eng.  News,  Mar.  9. 

Grainer  Pit,  Chemistry  of.  Jour.  An.  Ap.  Chem.,  Feb. 

Gun  Mount,  Schneider.  I.  Age,  Mar.  18. 

Hammers,  Steam,  for  Heavy  Forgings.  Iron,  Jan.  27. 

Han  ey  Plate,  Trials  of  the  14  inch.  I.  Age,  Mar.  9. 

Hamstoff  auf  Nitrosamine,  Einwirkung  Von.  Ber.  No.  3. 

Haulage,  Underground.  Tr.  Fed.  Min.  Eng.,  Feb.  20. 

Haulage,  Endless  Rope.  Tr.  Fed.  Min.  Eng.,  Feb.  20. 

Heating  Railway  Carriages.  Eng.,  Feb.  17. 

Heat  in  Steam  Plants,  Storage  of.  R.  R.  Gaz.,  Feb.  17. 

Heating  Houses,  Problem  of.  Am.  Arch.,  Mar.  II. 

Hematite  and  Marvelite  from  Mexico.  Am.  Jour.  Sci.,  Feb. 

High  Buildings,  Wind  Bracing  in.  Eng.  Build.  Rec.,  Mar.  18. 

Highway  Bridge,  Failure  of.  Eng.  Build.  Rec.,  Feb.  11. 

Hot  Water  Heating  Plant,  Test  of.  Eng.  Build.  Rec.,  Feb.  4. 

House  Drainage.  Eng.  Build.  Rec.,  Feb.  11. 

^Hydrate,  Theory  of  Solution.  Tour.  Chem.  Soc.,  Jan. 

Hydraulic  Power  Company,  The  London.  Eng.  Build.  Rec.,  Feb.  18. 

Hydraulic  Power  Plant  of  U.  S.  S.  “Monterey.”  I.  Age,  Mar.  9. 

Hydraulic  Presses  of  High  Pressure  in  Iron  Works.  Eng.,  Mar.  3. 

Hydrazone  Stereoisomerie  bei  Asymruetrischen.  Ber.  No.  1. 

Hydro-Electric  Distribution  of  Power.  Sci.  Am.  Sup.,  Mar.  11. 

I Bars,  Tests  of  Full  Sized  Steel.  Iron,  Feb.  3. 

Imidazel,  Studien  liber.  Leibig’s  An.  No.  3. 

Incandescent  Lamps,  Economy  of  Elec.  World,  Feb.  4. 

Incandescent  Lamps,  from  Commercial  Standpoint.  Elec.  World,  Mar.  II. 
Incandescent  Lamps,  Life  of.  Lehigh  Quar.,  Feb. 

India  Under  the  Crown,  Progress  of.  Jour.  Soc.  Arts,  Feb.  24. 

Indigos,  Das  Verhalten  des.  Ber.  No.  2. 

Ingot  Molds.  I.  Age.,  Mar.  16. 

Injector  Notes,  Ejector  Condensers.  Am.  Mach.,  Mar.  9. 

Injectors,  Waste  Steam.  Am.  Mach.,  Mar.  2. 

^Institute  of  Electrical  Engineers,  Inaugural  Address.  Elec.  World,  Mar.  11. 

Iron  and  Steel,  Progress  in  Manufacture  of.  Eng.  News,  Feb.  2. 

Iron  and  Steel  in  Buildings,  Notes  on  Use  of.  Iron,  Jan.  27. 

Iron,  Losses  in,  Under  Alt.  Currents.  Elec.  World,  Feb.  4. 

Iron,  Losses  in  Under  Alt.  Mag.  Forces.  Elec.,  Feb.  3. 

Iron  Ores,  Formation  of.  Science,  Mar. 

Irrigation  in  India.  Am.  Eng.  R.  R.  Jour.,  Feb. 

Isothermal,  Isopustics,  Isometrics,  Relation  to  Viscosity.  Am.  Jour.  Sci.,  Feb. 

Jodbenzoldichlorids  und  des  Jods  Benzols,  zur  Kenntniss  der  Reactionen  des. 
Ber.  No.  3. 

Jodidchlorid,  Zur  Kenntrniss  Aromatischer.  Ber.  No.  3. 
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Jodid  Aromatischer  Sulfonsauren,  Zur  Frage  Nach  der  Constitution.  Ber.  No.  2. 
Koene  and  Stas.  Chem.  News,  Feb.  3. 

I.aboratoriums  Apparat  Zur  Ausfiihrung  von  Distillationen  mit  Ueberhit/ten  Wasser- 
dampfen.  Ber.  No.  1. 

Facto  Phosphate  de  Chaux,  Fe  Sirop  de.  jour.  Ph.  et.  Ch.,  No.  2,  Jan. 
l amination  in  Metal.  I.  Age,  Feb.  23. 

Fantern  Slides,  Artistic.  Anth.  Phot.  Bull.,  Feb.  25. 

Fatrines  of  the  East.  Am.  Arch.,  Mar.  18. 

"I.aws,  Comparative  Municipal  Building.  Am.  Arch.,  Mar.  18. 

Fead  and  Zinc  Mines  of  S.  W.  Missouri.  Coll.  Eng.,  Mar. 

I.ead  and  Potassium,  Mixed  Double  Halides  of.  Am.  Chem.  Jour.  Feb. 

Fead  Smelting  Plant,  Great  Falls,  Montana.  Eng.  Min.  Jour.,  Mar.  18. 

Lencius,  Die  Constitution  des.  Ber.  No.  1. 

Fenses,  Selection  of.  Phot.  Times,  Feb.  24. 

Fift  Bridge,  Chicago.  R.  R.  Gaz.,  Feb.  24;  Eng.  Rec.,  Mar.  4. 

*Light,  Diffusion  of.  Elec.,  Feb.  3. 

*Fiquors  and  Preserves,  Manufacture  of.  Sci.  Am.  Sup.,  Mar.  18. 

Focomotive,  The  Campbell  Spring  Mounted  Road.  Iron,  Feb.  3. 

Focomotive,  An  Experimental.  A.  S.  M.  E.,  XIII,  427. 

Focomotive,  A Russian  Compound.  Am.  Eng.  R.  R.  Jour.,  Feb. 

Focomotive,  A Balanced  Compound.  Am.  Mach.,  Feb.  9. 

Focomotive,  A French  Compound  Express.  Eng.,  Feb.  10. 

Focomotive  for  the  Mersey  Railway.  Eng.,  Feb.  24. 

Focomotive,  Standard  Passenger  and  Fast  Freight,  for  C.  R.  I.  X P.  Ry.  Nat.  Car 
Foe.  Build.,  Mar. 

Focomotive,  The  First  in  America.  Am.  Eng.  R.  R.  Jour.,  Jan. 

Focomotives,  American  and  English.  Am.  Eng.  R.  R.  Jour.,  Feb. 

Focomotive,  Horse-Power  of  a.  Am.  Eng.  R.  R.  Jour.,  Jan. 

Focomotive,  Trial  of  a French  Compound.  Eng.,  Feb.  24. 

^Focomotive  Repairing.  Nat.  Car  Foe.  Build.,  Feb. 

Focomotive  and  Tender  Connections.  Am.  Eng.  R.  R.  Jour.,  Jan. 

Focomotive,  Tests  of  Express.  Eng.  News,  Mar.  16,  and  R.  R.  Gaz.,  Mar.  17. 
Focomotives,  New  B.  & O.  R.  R.  Gaz.,  Feb.  3. 

^London  Water  Supply.  Chem.  News,  Feb.  3. 

*T.ow  Countries,  Architecture  of.  Am.  Arch.,  Mar.  11. 

Machine  Molding.  A.  S.  M.  E.,  XIII,  537. 

Machine  Shop  in  Buffalo.  R.  R.  Gaz.,  Feb.  24. 

Magnesium,  Stickstoff  Darstellung  von.  . Jour,  fiir  Prak.  Ch.,  No.  2. 

Magnesium  Truckeisen.  Chem.  News,  Feb.  17. 

Magnetic  Oxide  of  Iron,  Constitution  of.  Jour.  An.  Ap.  Chem.,  Jan. 

Magnetic  Rotation  of  Sulphuric  and  Nitric  Acid.  Jour.  Chem.  Soc.,  Jan. 

Magnetic  Rotation  and  Refraction  Indices  of  Sulphuric  Acid.  Jour.  Chem.  Soc.,  Jan. 
Manganese,  Estimation  of,  in  Ores.  Eng.  Min.  Jour.,  Feb. 

Manganese  Borate.  Jour.  Chem.  Soc.,  Jan. 

Manganese  Ores  in  Veins.  Am.  Manf.  and  I.  W.,  Mar.  11. 

Manganese  and  Manganese  Alloys  Free  from  Carbon.  I.  Age,  Mar.  2. 

Marble  Cave  of  Missouri.  Sci.  Am.,  Feb.  4. 
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^Marine  Engine  Works,  West  Hartlepool.  Eng.,  Mar.  io. 

^Marine  Propulsion.  Am.  Mach.,  Mar.  2. 

Measuring  and  Recording  Machine  for  Cloth.  Eng.,  Mar.  10. 

Mesabai  Iron  Range.  Am.  Manf.  and  I.  W.,  Feb.  10  and  25. 

Metals,  Action  on,  of  Nitric  Acid.  Am.  Chem.  Jour.,  Feb. 

Metals  in  ’92,  Production  of  Precious.  Eng.  Min.  Jour.,  Feb.  25. 

Metamidodiphemyl  and  its  Derivations.  Am.  Chem.  Jour.,  Jan. 

Meteoric  Stone,  from  New  Zealand.  Chem.  News,  Feb.  10. 

Metering  Devices,  Suggestions  for.  Elec.  World,  Feb.  11. 
Methoxyamidodimethylbenzene.  Jour.  Chem.  Soc.,  Jan. 

Methoxysucerinic  Acid,  Resolution  of,  into  its  Optically  Active  Compounds.  Jour. 
Chem.  Soc.,  Feb. 

Methyl  Furftirol  and  Methylpyromscic  Acids.  Am.  Chem.  Jour.,  Mar. 

Microscopical  Researches  of  the  Metals.  Iron,  Jan.  27. 

Milk,  An  Abnormal  Sample.  Anal.,  Jan. 

Milky  Way,  New  Star  in.  Sci.  Am.  Sup.,  Mar.  11. 

Mining,  Relative  Value  of  Electricity  and  Compressed  Air  in.  Coll.  Eng.,  Feb. 
^Mining,  Bord  and  Pillar  System  in.  Coll.  Eng.,  Mar. 

Mineral  Oil,  Flash  Point  and  Heat  of  Burning.  Jour.  Soc.  Chem.  Ind.,  Jan.  31. 
Molding  a Four  Chambered  Ventilator  Shaft.  Am.  Mach.,  Feb.  2. 
Monomitroparaffin,  Synthesis  von.  Ber.  No.  2. 

Monoxythene,  Die  Constitution  des.  Ber.  No.  1. 

Mosaics,  Modern.  Am.  Arch.,  Jan.  14. 

Muscle  Separe  d’Etre  Vivant,  Sur  les  Produits  de  Functionement  du.  An.  Chi.  et  Ph., 
January. 


Naphtazine,  Zur  Kenntniss  der.  Ber.  No.  2. 

Naphtol,  Zur  Kenntniss  des  Sulfasaurens  der.  Leibig’s  An.,  No.  1. 

National  Electric  Light  Convention,  Papers  Read  at.  Elec.  World,  Mar.  11. 
Navy,  Experiences  of  Engineers  in.  Eng.  News,  Feb.  9. 

Nicaragua  Canal.  R.  R.  Gaz.,  Feb.  10.  Eng.,  Feb.  24. 

Niagara,  Discharge  of.  Eng.  News,  Mar.  2. 

Nickel  Ore,  Platiniferous.  Chem.  News,  Feb.  3. 

Nickel,  Progress  in  Metallurgy  of.  Iron,  Jan.  27. 

Nicotin.  Ber.  No.  3. 

Nitrile,  Chemisches  Verhalten  einiger  Dimolecular.  Jour,  fur  Prak.  Ch.,  No.  3. 
Nitrogen,  Liberation  during  Putrefaction.  Am.  Chem.  Jour.,  Jan. 

Nitrogen,  Halogen  Compounds,  Derivates  of.  Am.  Chem.  Jour.,  Mar. 

Nitroso  Camphers,  Die  Umwandlung  des.  Ber.  No.  2. 

Nitroso-Guanidier.  Leibig’s  An.,  No.  2. 

Nitrous  Oxide,  Formation  of.  Jour.  Soc.  Chem.  Ind.,  Jan.  31. 

Office  Organization  and  Equipment.  Eng.  Record,  Feb.  4. 

Oil  Transportation,  Dangers  of.  R.  R.  Gaz.,  Mar.  3. 

Oil,  Drying,  Boiling  and  Bleaching.  Jour.  Soc.  Arts,  Feb.  3. 

Omni-Telemeter,  The  Dredge -Steward.  Eng.,  Feb.  17. 

Orcinol,  Formation  of.  Jour.  Chem.  Soc.,  Jan. 
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Orthochromatism,  The  Problem  of.  Anth.  Phot.  Bull.,  Feb.  25. 

Ores  in  Depth,  Persistence  of  Lode.  Eng.  Jour.,  Feb.  18. 

Ore  Deposits,  Geological  Occurence  of  Broken  Hill.  Eng.  Min.  Jour.,  Mar.  4. 
Ovens,  By-Products  of  Retort.  Am.  Manf.  & I.  \V.,  Feb.  3. 

Oxime,  Zum  Theorie  der.  Jour,  fur  Prakt.  Ch. 

Oxysauren,  Die  Sphaltungs  Producte  der.  Leibig’s  An.,  No.  2. 

P.  & R.  in  the  Hands  of  Receivers.  R.  R.  Gaz.,  Feb.  24. 

Pain  et  le  Biscuit,  Experiences  sur  le.  Jour.  Ph.  et  Ch.,  Jan. 

Paleopathy,  Notes  on.  Pop.  Sci.  Mo.,  Mar. 

Panama  and  Nicaragua  Canals.  Sci.  Am.,  Feb.  25. 

Panoramic  Photos  in  Correct  Perspective.  Phot.  Times,  Feb.  24. 

Paradiazotoluene  Sulphonic  Acid,  Action  of  Ethyl  Alcohol  on.  Am.  Chem.  Jour., 
February. 

Paraethoxyoithotoluene  Sulphonic  Acid.  Am.  Chem.  Jour.,  Feb. 

Patent  Laws.  Jour.  Soc.  Chem.  Ind.,  Jan.  31. 

Pavement,  A Combined  Iron  and  Oak.  A.  S.  M.  E.,  XIII,  199. 

Peritones,  Soluble,  in  Plants.  Am.  Chem.  Jour.,  Jan. 

Pepaines,  Origin  Etrangere  de.  Jour.  Ph.  et  Ch.,  Jan. 

Peroxides  and  Socalled  Double  Halides.  Am.  Chem.  Jour.,  Jan. 

Petroleum,  California.  Am.  Chem.  Jour.,  Jan. 

Phenaciton,  Qualitative  Examination  of.  Jour.  An.  Ap.  Chem.,  Feb. 

Phenol  Phtalein,  Eine  Reaction  des.  Ber.  No.  2. 

Phenyl  und  Diphenyl  Hydrazone,  Ueber  Stereoisomerie.  Ber.  No.  1. 

Phenyl  Hydorazine,  Einwirkung  auf  Cantharidin.  Ber.  No.  2. 

Phenyl-isocyanate,  Einwirkung  von.  Leibig’s  An.,  No.  1. 

Phenyl  Pyrazol.  Ber.  No.  2. 

Phenylhydrazineverbindung,  Einige,  mit  Metal  Salzen  des  Magnesium  Gruppe. 
Jour,  fur  Prak.  Ch.,  No.  2. 

I’henylhydrazine,  Action  de  la,  sur  l’Anhydride  Comphorique  et  les  Ethers  Cam- 
phoriques.  Bull.  Soc.  Chem.,  Jan.,  No.  2. 

Phosphates,  Origin  of  Florida.  Eng.  Min.  Jour.,  Feb.  11. 

Phosphates,  Occurence  in  Nebraska.  Jour.  An.  Ap.  Chem.,  Feb. 

Phosphorous,  Interference  of  Asenic  in  Determination  of,  in  Phosphorous  Ores. 

Jour.  An.  Ap.  Chem.,  Jan. 

Phosphorus  in  Moorboden.  Ber.  No.  3. 

Phosphorus  in  Steels,  A Method  of  Determining.  Jour.  An.  Ap.  Chem.,  Feb. 
Phosphorus,  Movement  of,  in  Mineral,  Vegetable  and  Animal  Kingdoms.  Am.  Chem. 
Jour.,  March. 

Phosphorus,  Determination  of,  in  Iron  and  Steels.  Chem.  News,  Mar.  3. 
Phosphorique,  Sur  le  Conductibilites  Electrique  de  l’Acid,  et  des  Phosphates  Alkalins 
Am.  Ch.  et  Ph.  Jan. 

Photographic  Printing  by  Artificial  Light.  Phot.  Times,  Mar.  10. 

Photography,  American  Biography  of.  Phot.  Times,  Feb.  10. 

Photography,  Applied  to  Detection  of  Crime.  Anth.  Phot.  Bull.,  Feb.  XI. 
Photography,  Automatic.  Sci.  Am.,  Mar.  18. 

Photography  in  Germany  During  the  Past  Year.  Anth.  Phot.  Bull.,  Feb.  25. 
Photography  in  Relation  to  the  Art  of  Printing.  Phot.  Times,  March  10. 


146 


Periodical  and  Book  Notes. 


Photography  in  Relation  to  Book  and  Periodical  Illustrations.  Anth.  Phot.  Bull., 
Feb.  11. 

Phtalsaure,  Verbindungen  mit  den  Phenolin.  Ber.  No.  2. 

Piers  of  the  North  River  Bridge.  Eng.  News,  Feb.  2. 

Pig  Iron,  Grading  of.  Iron,  Feb.  3. 

Piazinabkommlinge,  Zur  Kenntniss  der.  Jour,  fur  Prak.  Ch.,  No.  4. 

Plates,  Multiple  Film.  Anth.  Phot.  Bull.,  Feb.  11. 

Planets,  Masses  of.  Ast.  Jour.,  Feb.  23. 

Platinum  Group,  Toning  with  Metals  of  the.  Phot.  Times,  Feb.  3. 

Plate  Armor,  Recent  Inventions  in.  Iron,  Feb.  17. 

Platinum  Paper,  Preparation  of,  for  Hot  Development.  Anth.  Phot.  Bull.,  Feb.  11. 
Pottery  Glazes.  Jour.  Soc.  Arts,  Feb.  17. 

Powder,  Smokeless,  and  Magazine  Rifles.  Sci.  Am.  Sup.,  Feb.  4. 

Power  Distribution,  Electric.  A.  S.  M.  E.,  XIII,  199. 

Power  from  Central  Stations,  Development  and  Transmission  of.  I.  Age,  Feb.  23. 
Eng.,  Feb.  3. 

Power  of  the  Ocean  Waves,  Utilization  of  the.  A.  S.  M.  E.,  XIII,  439. 

Power,  Measurement  of.  A.  S.  M.  E.,  XIII,  531. 

Practice,  Unprofessional.  Am.  Arch.,  Jan.  14. 

Precision  and  Mutation.  Ast.  Jour.,  Mar.  2. 

Process  Blocks,  How  to  make  Drawings  for.  Phot.  Times,  Feb.  3. 

Projectiles,  High  Velocity.  I.  Age,  Mar.  2. 

Prospecting.  Coll.  Eng.,  Feb. 

Propellors,  Pitch  of  Screw,  Method  to  Measure.  I.  Age,  Mar.  16. 

Pulsometer,  Test  of  a.  A.  S.  M.  E.,  XIII,  21 1. 

Pumping  Engine  at  Fair,  Worthington’s.  I.  Age,  Mar.  23. 

Fumping  Engine,  Blake.  I.  Age,  Feb.  16. 

Pumping  Plant,  An  Electric.  Coll.  Eng.,  Feb. 

Pyrazol.  Leibig’s  An.,  No.  3. 

Pyrazolin  Reactionen,  Ueber  die.  Ber.  No.  1. 

Pyrazolderivaten  aus  Ungesiittigten  Sauren-und  H ydrazirte.  Ber.  No.  1. 

Pyridins,  Einwirkung  von  Alkalien  Jodalkglate  des.  Jour,  fiir  Prakt.  Ch.,  No.  1. 
Pyromencanide,  Certain  Derivations  of.  Am.  Chem.  Jour.,  Feb. 

Pyruvique,  Sur  quelles  Derives  de  TAcid.  Bull.  Soc.  Chi.,  No.  4,  Feb. 

Quadruple  System,  Simplification  of.  Elec.,  Feb.  3. 

Quinine  et  Cinchonidine,  Solutions  Aqueuses  de.  Jour.  Ph.  et  Ch.,  No.  3,  Feb. 

Raisin  en  Algerie,  An  Pouvoir  Rotative  des  Mouts  de.  Bull.  Soc.  Ch.,  No.  3,  Feb. 
Rapid  Transit,  Boston.  Eng.  News,  Mar.  2. 

Rapport,  Sur  une  nouvelle  Determination  du.  Jour.  Ph.  et  Ch.,  Mar. 

Reflexion  et  Refraction  dans  le  Milieux  Isotropes  Transparents  et  Absorbents.  An. 
Chi.  et  Ph. 

Refrigerating  Machines,  Performance  of.  A.  S.  M.  E.,  XIII,  507. 

Refractory  Materials  in  Electric  Furnaces,  Treatment  of.  Iron,  Mar.  9. 

Reservoir,  Colorado.  Eng.  News,  Mar.  9. 

Riveter,  Peat  Electric.  I.  Age,  Mar.  2. 

Rindengallen,  Zur  Kentniss  der  Siiuren  der.  Ber.  No.  2. 
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Roasting  and  Smelting  Plant.  Am.  Manf.  and  I.  W.,  Mar.  10. 

Rolling  Mills,  Evolution  of  American.  A.  S.  M.  E.,  XIII,  45. 

Rolling  Stock,  Steel  vs.  Iron  for.  Nat.  Car  Loc.  Build.,  Feb. 

Rolling  Mill,  Design  of  a.  I.  Age,  Mar.  9. 

Roof  Truss,  Berlin.  Eng.  News,  Mar.  2. 

*Roof  of  Large  Market  House,  Details  of.  Eng.,  Feb.  17. 

Roofing  Material,  Burned  Clay  as  a.  Am.  Arch.,  Feb.  4. 

Rope  Driving,  Notes  on.  Am.  Mach.,  Feb. 23;  Lehigh  Quarterly,  Feb. 
Rosaniline  Group,  Acid  Salts  of,  and  Coloring  Matter.  Chem.  News,  Feb.  17. 
Railroad  Rolling  Stock,  Electric.  R.  R.  Gaz.,  Feb.  3. 

Railroad  Station  of  Portland  Oregon.  R.  R.  Gaz.,  Mar.  10. 

Railroad  Ties,  German  Ideas  on.  R.  R.  Gaz.,  Mar.  10. 

Railroad  Turntable,  Evolution  of.  R.  R.  Gaz.,  Feb.  10. 

Railroad  Commission,  Report  of.  Eng.  News,  Feb.  17. 

Railroad  Maintenance  in  California.  R.  R.  Gaz.,  Mar.  17. 

Railroad  Motor,  The  Baldwin  Street.  R.  R.  Gaz.,  Mar.  3. 

Railroads  of  Russia.  R.  R.  Gaz.,  Feb.  3. 

Railroads,  About  Rack.  Eng.  News,  Mar.  12. 

Rubber  Pattern  Work.  Am.  Mach.,  Mar.  1. 

Safety  Lamps,  Best  Types  of,  for  Gas  Testing  Purposes.  Coll.  Eng.,  Feb. 

Salem,  Six  Hours  in.  Am.  Arch.,  Jan.  2. 

Salicylidoverbindungen.  Leibig’s  An.,  No.  I. 

Salicylid,  Die  Moleculargrosse  von.  Leibig’s  An.,  No.  1. 

Sand  Filters,  The  Formation  of.  Eng.  Rec.,  Feb.  25. 

Satellite  of  Neptune,  Observations  of.  Ast.  Jour.,  Mar.  2. 

Sauren,  Umlagerung  beiden  Ungesattigten.  Ber.  No.  1. 

Schwefelwasserstoff,  Einwirkung  auf  Pyrotsanbursiiure.  Jour,  ftir  Prak.  C'h.,  No.  4. 
Schools  of  the  United  States,  Engineering.  Eng.  News,  Feb.  2. 

Screw  Propellers,  Making  Patterns  for.  Am.  Mach.,  Mar.  16. 

Screw  Propellers,  Experiments  on  Arrangement  of  Surfaces  of.  Eng.,  Feb.  S. 
Sewage  in  America,  Purification  of.  Eng.  News,  Feb.  9. 

Sewage,  Use  of,  in  Irrigation.  Eng.  News,  Feb.  23. 

Sewage,  Treatment  of.  Eng.  Rec.,  Mar.  4. 

Shades  and  Shadows,  Architectural.  Am.  Arch.,  fan.  28. 

Shear,  Resistance  of  Metals  to.  Am.  Eng.  R.  R.  lour.,  Mar. 

Sheet  Pile  Drivers.  Eng.  News,  Mar.  16. 

Ships’  Motion,  Resistance  to.  Jour.  Frank.  Inst.,  Mar. 

Shunt  Electric  Motors.  Elec.  World. 

Shutters,  Speed  and  Efficiency  of.  Anth.  Phot.  Bull. 

Signal  Case,  Boyd’s.  R.  R.  Gaz.,  Feb.  17. 

Silver,  Basic  Salts  of.  Phot.  Times,  Feb.  17. 

Silver  Mine,  A Colorado.  Eng.  News,  Feb.  16. 

Skim  Milk,  Utilization  of.  Jour.  Soc.  Chem.  Ind.,  Jan.  31. 

Solubilites,  Sur  les.  Bull.  Soc.  Chi.,  No.  3,  Feb. 

Spectra,  Method  of  Observing.  Jour.  Chem.  Soc.,  Jan. 

Spelling,  More  About.  Jour.  An.  Ap.  Chem.,  Jan. 
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Spiegel,  Silicious,  and  Ferro  Silicon,  Analysis  of.  Eng.  Min.  Jour.,  Feb.  11. 

Standard  Tests,  and  Methods  of  Testing  Materials.  A.  S.  M.  E.,  XIII,  275. 

Standard  Pipes  and  Their  Design.  Eng.  News,  Mar.  16;  Eng.  Rec.,  Feb.  11. 

Stas,  Jean  Servais.  Jour.  An.  Ap.  Chem.,  Jan.;  Chem.  News,  Feb.  24. 

Steam  Distribution  in  a Form  of  Single  Acting  Compound  Engine.  A.  S.  M.  E., 
XIII,  557. 

Steam,  Liquid  Fuel  for  Making.  Sci.  Am.  Sup. 

Steam  Engine,  Economy  and  Efficiency  of  the.  A.  S.  M.  E.,  XIII,  337. 

Steam  Engine  Economy,  Limitations  of.  A.  S.  M.  E.,  XIII,  77. 

Steam  Jackets  of  the  Pawtucket  Pumping  Engine.  A.  S.  M.  E.,  XIII,  177. 

Steel,  Manganese.  Jour.  Frank.  Inst.,  Mar. 

Steel  vs.  Iron  for  Rolling  Stock.  Iron,  Feb.  3. 

Steel,  Chemical  and  Physical  Properties  of.  Eng.  Rec.,  Feb.  11. 

Steel,  About.  Am.  Mach.,  Mar.  16. 

Steel  in  Rolling  Stock.  Sci.  Am.  Sup.,  Mar.  4. 

Steel  Castings.  Chem.  News,  Mar.  3. 

Steel,  Treatment  of  Structural.  A.  S.  M.  E.,  XIII,  573. 

Steel,  Effect  of  Time  on  Qualities  of.  I.  Age,  Feb.  16. 

Stickstoff,  Bestimmung  in  der  Nitrocellulose.  Zeit.  Pt.  1. 

Stone  and  Marble  Sawing  Machine.  Eng.,  Feb.  3. 

Storiation  in  Art,  Theory  of.  Jour.  Soc.  Arts,  Feb.  10. 

Streets  and  Highways.  Eng.  Rec.,  Feb.  25. 

Strontium  and  Calcium,  Amyl  Alcohol  Separation  of.  Chem.  News,  Feb. 

Strychnine,  Die  Oxydation  des.  Ber.  No.  3. 

Stumbling  Blocks,  Removal  of.  Am.  Arch.,  Feb.  25. 

Sucre  Gastrique,  L’ Analyse  Quantitative  du.  Jour.  Ph.  et  Ch.,  No.  3,  Feb. 

Sucre  du  Canne,  La  Non-Interversion  du.  Bull.  Soc.  Chi.,  Jan.,  No.  2. 
Sulfinsaurester,  Zur  Kentniss.  Jour,  ftir  Prak.  Ch.,  No.  3. 

Sulfurique,  Actition  de  l’Acid,  sur  le  Citrine.  Jour.  Ph.  et  Ch.,  Jan. 

Sulphur,  Spectrum  of.  Chem.  News,  Jan. 

Sulphuric  Acid,  Volum.  Det.  of.  Eng.  Min.  Jour.,  Feb.  18. 

Surveying,  Mine.  Coll.  Eng.,  Mar 

Singing,  American  Achievements  in.  Sci.  Am.  Sup. 


Tapping  Car  Wheels  for  Cracks.  R.  R.  Gaz.,  Mar.  17. 

Tartrate  de  Chaux  Retire  des  Residues  de  Distillerie.  Bull.  Soc.  Chi.,  Feb. 
Tartrique,  Formule  de  l’Acid.  Bull.  Soc.  Chi.,  Feb. 

Telephone  and  Berliner  Patent.  Sci.  Am.,  Mar.  18. 

Telephone  Line  between  Boston  and  Chicago,  Opening  of.  Elec.  World,  Feb.  18. 
Telephone  Situation,  The.  Elec.  World,  Mar.  4. 

Telephoning  by  Induction.  Science,  Mar.  3. 

Telephone,  Transmission  of  Speech  by  Long  Distance.  Lkhigh  Quar.,  Feb. 
Temperature,  Calculation  of  Flame.  Iron,  Feb.  3. 

Terminal  at  Philadelphia,  P.  & R.  Eng.  News,  Feb.  2. 

Tespene  und  deren  Abkommlinge.  Ber.  No.  3. 

Tespenes,  Aus  dem  Russichen  Tenpertinol  Werhgkeit  des  Richten.  Jour,  ftir  Prak. 
Ch.,  No.  4. 
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Tespene  and  Allied  Compounds.  Jour.  Chem.  Soc.,  Jan. 

Thermometer,  Experiments  on  Rate  of  Rise  and  Fall  of  a Mercury.  A.  S.  M.  E.,  XIII. 
Thermal  Storage  from  Central  Station.  Elec.  World,  Mar.  11,  I.  Age,  Mar.  16. 
Theodolite,  Telemetrical.  Iron,  Feb.  17. 

Thiobromine  in  den  Cocoabohnen,  Quantitative  Bestimmung  des.  Zeit.  Part  1. 
Thioxyldiaethelhydrazone.  Ber.  No.  3. 

Tidal  Observations,  Reduction  of.  Proc.  Roy.  Soc.,  Mar. 

Timber  Tests,  The  U.  S.  Am.  Arch.,  Feb.  18. 

Tin,  Economic  Geology  of.  Coll.  Eng.,  Feb. 

Tin  Slags,  Decomposition  of.  Eng.  Min.  Jour.,  Feb.  18. 

Time  Periods  of  Mayas.  Science,  Mar.  3. 

Tinned  Beef,  Poisoning  By.  Chem.  News,  Feb.  3. 

Titanite  Slags.  I.  Age,  Mar.  2. 

Titaniferous  Iron  Ores  in  Blast  Furnaces.  Am.  Manf.  and  I.  W.,  Mar.  10. 

Torpedo  Signals,  The  National.  R.  R.  Gaz.,  Feb.  24. 

Toxicologique,  Quelques  Reactions.  An.  Ph.  et  Ch.,  Jan. 

Train  Accidents  in  1892.  R.  R.  Gaz.,  Feb.  3. 

Train  Lighting  by  Electricity.  R.  R.  Gaz.,  Feb.  17. 

Transmission  of  Power  by  Electricity.  Eng.  News,  Mar.  16. 

Trinicrus,  Zur  Kentniss  des.  Ber.  No.  3. 

^Turnips,  Manurial  Experiments  with.  Chem.  News,  Feb.  3. 

Tunnel  Alignment,  a Method  of.  Eng.  Rec.,  Feb.  25. 

Tunnel,  Plans  of  the  Duluth.  Eng.  Rec.,  Feb.  4. 

Turpentine,  American  Oil  of.  Jour.  An.  Ap.  Chem.,  Feb. 

Ultimate  Analyses  of  Organic  Substances,  Error  in.  Chem.  News,  Mar.  23. 

Variable  in  Aquila,  A New.  Ast.  Jour.,  Mar.  2. 

Variability,  Observation  of  Stars  Suspected  of.  Ast.  Jour.,  Mar.  16. 

Ventilation.  Coll.  Eng.,  Mar. 

Ventilating  and  Heating.  Eng.  Rec.,  Feb.  18. 

Verbenrungspemkt.  Ber.  No.  2. 

Vereinfachung  bei  der  Fractionetin  Distillation.  Ber.  No.  2. 

Vesuvius  Pneumatic  Cruiser,  Trial  of  the.  Sci.  Am.;  Coll.  Eng.,  Mar. 

Vin  Blanc  et  Vin  Rose.  Bull.  Soc.  Chi.,  Jan. 

Vins,  Matieres  Colorant  dans  les.  Bull.  Soc.  Chi.,  Jan.,  No.  2. 

Vins  Maurietes.  Jour.  Ph.  et  Ch.,  Mar.,  No.  5. 

Volcanic  Eruption  in  Iowa.  Science,  No.  3. 

Warming  Apparatus  for  a R.  R.  Car.  Iron,  Feb.  24. 

Water,  Density  of,  at  Different  Temperatures.  A.  S.  M.  E.,  XIII,  397. 

Water  Power,  Value  of  a.  A.  S.  M.  E.,  XIII,  141. 

Water,  Gravimetric  Composition  of.  Chem.  News. 

Water  Meters  for  Philadelphia.  Eng.  Rec.,  Feb.  25. 

Water  Works  at  Havana,  Cuba.  Eng.  News,  Feb.  9. 

Wattmeter,  New  Kelvin.  Elec.,  Feb.  24. 

Wasserdampfs,  Zersitzung  des,  auf  Magnesium.  Ber.  No.  I. 

Westinghouse  Air  Brake  Improvement.  Nat.  Car  Loc.  Build.,  Mar. 
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Westinghouse  Lamp.  Elec.,  Feb.  io. 

Wharf,  Iron.  Eng.  Rec.,  Mar.  18. 

Wheel  Flanges,  Car.  Nat.  Car  Loc.  Build.,  Mar.;  Eng.  Min.  Tour.,  Feb. 
Wheels,  American  Turbine.  I.  Age,  Feb.  2. 

Wire  Rope  Tramway.  Eng.  News,  Feb.  16. 

Wind,  Utilization  of  the  Power  of  the.  I.  Age,  Feb.  16. 

World’s  Columbian  Exposition.  Eng.  News,  Feb.  23. 

World’s  Fair,  A Frenchman  on  the.  Am.  Arch.,  Jan.  28. 

World’s  Fair,  Pumping  Station  at  the.  Eng.  Rec.,  Mar.  18. 

World’s  Fair,  Quarrying  Obelisk  for.  Eng.  Rec.,  Feb.  25. 

World’s  Fair,  Steamboat  Service  for.  R.  R.  Gaz.,  Mar.  10. 

World’s  Fair,  The  Main  Quadrangle  at  the.  Am.  Arch.,  Feb.  18. 

Xylidine  Para.  Ber.  No.  1. 

Xylon.  Am.  Chem.  Jour.,  Mar. 


York  Haven,  Minerals  from.  Jour.  An.  Ap.  Chem.,  Jan. 
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L.  SCHUTTE  & CO., 

OWNERS  of  PATENTS  and  SOLE  MANUFACTURERS, 

Twelfth  and  Thompson  Sts,,  - Philadelphia,  Pa, 


THE  EXHAUST  STEAM  THE  UNIVERSAL  DT°uub“e  INJECTOR. 

INDUCTION  CONDENSER.  The  Most  Complete  and  Reliable  Boiler 

Feeder  Known. 


DISCHARGE 


f i|F|  RVn  IT 

''iihltittHSffl 

w wM7 

[lli  N 

1 ifMfll  1 

OPERATED  ENTIRELY  BY  ONE  HANDLE. 

Will  LIFT  WATER  TWENTY  FEET. 
Will  TAKE  HOT  WATER  UP  TO  150© 
TEMPERATURE. 


(Send  for  Descriptive  Catalogue.) 


The 

Exhaust  Steam  Induction  Condenser. 

For  STEAM  ENGINES,  STEAMBOATS, 
and  PUMPS. 

Providing  its  own  Water  Supply  under  Suction, 


Using  Pressure  Water. 

THE  WATER  CHECK  IS  PERFECT, 
AUTOMATIC  and  NOISELESS. 


(Send  for  Descriptive  Catalogue.) 


CONDENSERS, 

INJECTORS, 


Syphon  Pumps,  Blowers  and  Ventilators  Air  Compressors  and  Exhausters, 

— FOR  ALL  PURPOSES.— 


11 


AD  VER  TISEMENTS. 


THE  EE.HISH  QNIYEHHITY, 

S mW  BETKLiBHBM,  P H- 


FOUNDED  BY  ASA  BACKER. 

* I 'HE  object  of  this  Institution  is  to  give  a thorough  education  in  Civil,  Mechani- 
cal,  Mining,  and  Electrical  Engineering,  in  Chemistry,  Metallurgy,  Ar- 
chitecture, the  Classics,  and  in  General  Literature. 

Tuition  in  the  School  of  Technology,  SI 00  per  annum  ; in  the  School  of  General 
Literature,  $60  per  annum. 


REQUIREMENTS  FOR  ADMISSION. 

Applicants  for  admission  must  be  at  least  sixteen  years  of  age,  must  present  tes- 
timonials of  good  moral  character,  and  must  satisfactorily  pass  in  the  following 
subjects: 

MATHEMATIC. 

Arithmetic,  complete,  including  the  Metric  System  ; Algebra,  through  equations 
of  the  second  degree ; Chauvenet’s  Geometry,  six  books,  (for  the  Classical  Course, 
four  books.). 

ENGLISH. 

Grammar;  Geography;  United  States  History,  including  the  Constitution. 

For  admission  to  the  various  courses,  in  addition  to  the  requirements  above  given, 
the  examinations  are  as  follows: 

For  the  Courses  in  Science  and  Letters,  Civil,  Mechanical,  Electrical,  and  Mining 
Engineering,  Architecture,  and  Analytical  Chemistry  : 

ELEMENTARY  PHYSICS 

For  the  Latin  Scientific  and  Classical  Courses: 

PHYSICAL  GEOGRAPHY. 

LATIN. 

Latin  Grammar;  Caesar’s  Commentaries,  four  books;  Vergil’s  -Eneid,  six  books; 
Cicero,  six  Orations,  including  the  four  against  Catiline ; translating  at  sight;  Latin 
Composition ; Roman  History. 

And  for  the  Classical  Course  only,  in 

GREEK. 

Greek  Grammar;  Xenophon's  Anabasis,  four  books;  Homer’s  Iliad,  three  books; 
translating  at  sight;  writing  Greek  with  Accents;  Greek  History. 

The  examinations  will  be  rigorous,  and  no  student  deficient  in  any  branch  will 
be  permitted  to  enter  in  full  standing. 

For  further  information  apply  to  the  President, 

Robert  A.  Lamberton,  LL.D., 

SOUTH  BETHLEHEM,  PA. 


AD  VER  TISEMENTS. 


Preparatory  * Sel?ool 

FOR 

Lehigh  University. 


References : 

R.  A.  Lamberton,  LL.D.,  President  of  Lehigh  University,  and  the  Profes- 
sors comprising  the  Faculty  of  Lehigh  University. 


Fifty-two  of  our  scholars  have  been  admitted  to  the  present  Freshman  Class  and 
368  of  them  have  been  admitted  to  the  University  since  1880. 

Attention  is  given  exclusively  to  the  requirements  for  admission  to  Lehigh 
University. 

The  Mathematics  is  in  charge  of  A.  E.  Meaker,  C.E.,  senior  instractor  of 
Mathematics  in  Lehigh  University. 

The  Physics  is  in  charge  of  H.  S.  Houskeeper,  B.A.,  senior  instructor  of 
Physics  in  Lehigh  University. 

The  other  instructors  are  graduates  of  the  University. 

Our  work  is  our  reference.  This  work  alone  has  secured  the  unanimous  endorse- 
ment of  the  University  Faculty. 

Twenty  scholars  are  admitted  as  boarders  to  the  house  of  the  Principal. 

For  catalogues  and  particulars  apply  to 

MM.  ULRICH  , Principal, 

26  New  Street,  Bethlehem,  Pa. 
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CO  TO 

MITMAN, 

THE 

Artistic  Tailor, 

Cor.  Fourth  and  New  Streets, 

SOUTH  BETHLEHEM,  PA. 


ESTABLISHED  1793.  REMODELED  1873. 


BETHLEHEM,  PA. 

MRS.  M.  B.  HOPPES,  PROP’R. 


HEATED  BY  STEAM  THROUGHOUT. 


A delightful  Mountain  Resort,  on  the  lines  of  the  L.  V.,  C.  R.  R.  of  N.  1.,  and 
1’.  & R.  Railroads.  Two  hours  from  New  York.  One  and  one-half  hours  from 
Philadelphia.  Scenery  is  Picturesque.  Drives  are  Delightful.  Boating  is  Excellent. 
THE  HOTEL  IS  COMPLETE  IN  ALL  ITS  APPOINTMENTS. 

CUISINE  STRICTLY  FIRST  CLASS. 


GENTS'  FINE  HAND-MADE 

SHOES 

A SPECIALTY. 


DANCING  PUMPS 

And  Gymnasium  Slippers  in  Full  Assortment- 

REPAIRING  PROMPTLY  AND  NEATLY  DONE. 

J.  M.  SCHNHBEL  5 BRO., 

55  MAIN  STREET,  BETHLEHEM,  PA. 
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The  DEANE 

OK  HOLYOKE 

Water  Works  Engines,  Steam  Pumps, 

FOR  EVERY  DUTY. 


DEANE 


STEAM  PUMP  CO.} 


Holyoke,  Mass.;  New  York,  Boston, 
Chicago,  Philadelphia,  St.Louis,  Denver, 
Birmingham,  Ala. 


H.  Stanley  Goodwin,  President.  Walter  G.  Berg,  Engineer.  H.  Comer,  Superintendent. 


OPERATED  BY 


The  Lehigh  V alley  Creosoting  (Jo., 

WORKS:  OFFICE; 

Perth  Amboy,  N.  J.  Washington  St.,  South  of  Gap,  Jersey  City,  N.  J. 


LUMBER.  PILING  and  TIES  CREOSOTEI)  WITH  DEAD  OIL 

OF  COAL  TAR. 

Creosoted  Lumber,  Piling  and  Ties  Furnished. 

Cylinders  80  Feet  Long,  Capacity  400,000  Feet  B.  M.  per  Month. 

DIRECT  WATER  AND  RAIL  COMMUNICATION. 


The  report  of  the  “Committee  on  the  Preservation  of  Timber”  of  the  American  So  - 
ciety  of  Civil  Engineers  says : “If  the  timber  is  to  be  exposed  in  sea  water  to  the 
attacks  of  the  teredo-navalis  and  limnoria  terebrans,  there  is  but  one  antiseptic 
which  can  be  used  with  our  present  knowledge ; this  is  Creosote  or  Dead  Oil.  If  the 
timber  is  to  be  exposed  in  a very  wet  situation,  creosoting  is  also  the  best  process  to 
use.  If  the  exposure  is  to  be  that  of  a railroad  tie,  creosoting  is  doubtless  the  most 
perfect  process  to  use.” 


VI 


A D VER  TISEMENTS. 


PLATINOTYPES  IN  BLACK  AND  SEPIA. 


CRAYONS,  PASTELS  AND  WATER  COLORS. 


This  pen  is  specially  adapted  for 
Accountants,  Book-Keepers  and  Cor- 
respondents. It  is  made  of  the  best 
English  steel  by  the  most  experienced 
workmen. 

FOR  TRIAL,  will  send  a sample 
card,  12  PENS,  different  patterns, 
for  6 cents  in  stamps. 

Spencerian  Pen  Company, 

810  Broadway,  New  York. 

E.  KELLER, 

Jeweler  * and  * Optician, 

Til  Hamilton  St.,  Allentown,  Pa. 


go  ro  YOUNG  <&  SNYDER, 

Merchant  Tailors  and  Clothiers, 

70  South  Main  Street,  Bethlehem,  Pa. 
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W6S 


|acks 


TIN&br^ 

IRON 
FOUNDERS 


^■'Special  Machinery^ 


Established  1846. 


TESTS  OF  MATERIALS  MADE  DAILY. 

and  CERTIFICATES  FURNISHED. 

Reports  Copied  and  Kept  Confidential. 


WORKS: 

9th  St.  above  Master  Street. 


OFFICE  AND  WORKS: 

19  North  6th  Street, 

PHILADELPHIA. 


40  Years  Experience,  the  Highest  Grade  of  Workmanship  and  Materials, 

COUPLED  WITH  CAREFUL  PERSONAL  SUPERVISION,  ARE  WHAT  MAKE 

Genuine  AltenederDrawinglnstruments  Standard. 


FOR  A CATALOGUE  ADDRESS 


THEO.  ALTENEDER  & SONS, 

MANUFACTURERS, 

PHILADELPHIA. 


Established  10  years. 

Each  instrument  is  stamped  with 
name  or  trade-mark  and  warranted. 


THE  DEALER  WHO  OFFERS  YOU  SOMETHING  “jUST  AS  GOOD”  INVARIABLY  HAS  “an 
AXE  TO  GRIND”  IN  THE  WAY  OF  LARGER  PROFITS  ON  AN  INFERIOR  ARTICLE. 


RESTORE  YOUR  EYESIGHT 

Cataracts,  scars  or  films  can  be  absorbed  and 
paralyzed  nerves  restored,  without  the  knife 
or  risk.  Diseased  eyes  or  lids  can  be  cured  by 
our  home  treatment.  “We  prove  it.”  Hun- 
dreds convinced.  Our  illustrated  pamphlet, 
‘ Home  Treatment  tor  Eyes/’  free.  Don’t  miss  it. 
Everybody  wants  it.  “ The  Eye,”  Glens  Falls,  N.Y. 


John  II  Hartman, 

TOBACCO  AND  CIGARS , 

Dealer  exclusively  in  Hand  Made  C j g a r S -4R«i— . 

SMOKERS’  ARTICLES  A SPECIALTY. 

74  S.  MAIN  STREET,  - - BETHLEHEM,  PENNA. 


A.  C.  BORHEK.  BORHEK  & MIKSCH  , L.  A MIKSCH. 

DEALERS  IN 

fiLUMBE-R,  COAL  nm  WOOD.if 


YARD: — Main  Street,  West  Bethlehem,  Pa. 


AD  VER  TISEMENTS. 
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Nothing  but  what  is  the  very  Latest  in  SHOES. 

PERSON  & RIEGEL’S 

SHOE  DEPARTMENT 

IS  UNDER  THE  MANAGEMENT  OF 

J.  R.  UBERROTH. 

Agents  for  Hanan  &.  Son,  N.  Y. 

Poisons  at  JACOBY’S 

DRUG  AND  PRESCRIPTION  STORE, 

Cor.  Fourth  and  New  Sts.,  South  Bethlehem,  Pa. 


JAMES  H.  SHERIDAN,  PHARMACIST, 

-THIRD  AND  LOCUST  STS. 

SOUTH  BSTHL6H6M,  PK. 

PURE  DRUGS,  FINE  TOILET  ARTICLES,  Etc.,  Etc. 


cDt.  *0.  Z.  ^onez,  “Demist, 

SOUTH  MAIN  ST.,  BETHLEHEM,  PA. 

OFFICE  HOURS:  8 TO  12.30,  2 to  5.30.  MYERS  BUILDING. 

EDWIN  G.  KLOSE.  Manager. 

BOOKS  AND  STATIONERY. 

144  and  146  South  Main  Street,  Bethlehem,  Pa. 

V 31.  A.  BEAH3I, 

Maker  and  Dealer  in  Fine  Shoes. 

FINE  REPAIRING  A SPECIALTY. 

No.  40  Broad  Street,  ISetlileliem,  Pa. 


G.  BATROM,  ♦♦♦  BOOKBINDER, 

8 EAST  THIRD  ST.  (star  office,)  SOUTH  BETHLEHEM,  PA. 


Books,  Magazines,  Pamphlets,  etc.,  Bound  in  Leather,  Cloth,  or  Paper.  OLD  BOOKS  REBOUND. 

^ A TRIAL  IS  SOLICITED. ^ 


A.  GRADWOHL, 

DEALER  IN 

It  BOOK,  IMS,  GENERAL  MERCHANDISE, 

FINE  GROCERIES. 

A SPECIALTY,  CATERING  TO  CLUBS. 
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Hotel  Allen,  ■ AljgntownJPa. 


CTpHIS  HOTEL  is  entirely  new,  commanding  the  most  prominent  position  in  the  city. 
AVS*  Situated  five  miles  from  the  Lehigh  University. 

RATES  $2. 50  and  S3.00  PER  DAY. 

=ELEVKTGR  AND  RLL  FIRST-CLASS  FACILITIES. 

The  best  equipped  Hotel  in  the  Valley  for  Banquets,  Class  Suppers,  Balls,  &c. 

^RESTAURANTS 

connected  with  this  Hotel  is  run  first-class.  Has  POOL  and  BILLIARD  ROOMS 
attached. 

JOHN  H.  HARRIS , 

ProPr. 


n^KOCH  <&  SHANKWEILER /-ft* 

THE  LARGEST  AND  FINEST 

CLOTHING  * and  * GENTS5  * FURNISHING  * HOUSE  * in  * the  * VALLEY. 

HOTEL  ALLEN  BUILDING,  - CENTRE  SQUARE, 

ALLENTOWN,  Pfl. 

An  interesting  place  to  visit — the  great  Music  House  of 

da.  ©.  /?§cl?baefo,  5S9  f^aFQiltorc  <§tpeet,  /Allentown,  pa. 

Every  known  article  belonging  to  the  music  trade. 

PIANOS  FOR  RENT.— At  reasonable  price,  by  the  Day.  Week,  Month  or  Year. 

VISIT  OUR  ESTABLISHMENT. 


THE  DAVIS  DECORATIVE  COMPANY, 

gtaini#  Artistic  ]j§>q 

NO.  20  BROAD  ST.,  BETHLEHEM . PA. 


BROADWAY  HOUSE, 

COR.  BRODHEAD  AVNUE  AND  BROAD  STREET. 
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Schwartz  & Barron 


College  and  School  Text  Books.  Mathematical  Instruments  and 
Drawing  Materials.  Fine  Stationery.  Fountain  Pens.  Blank 
Books,  etc.  We  can  furnish  at  short  notice  Engraved  Visiting 
Cards. 

SCHWARTZ  & BARRON, 

Booksellers  and  Stationers, 

Cor.  Main  and  Broad  Sts.,  Bethlehem,  Pa. 
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For  information  and  free  Handbook  write  to 
MUNN  & CO.,  361  BROADWAY,  NEW  YORK. 
Oldest  bureau  for  securing  patents  in  America. 
Every  patent  taken  out  by  us  is  brought  before 
the  public  by  a notice  given  free  of  charge  in  the 

Jwtttifif 

Largest  circulation  of  any  scientific  paper  in  the 
world.  Splendidly  illustrated.  No  intelligent 
man  should  be  without  it.  Weekly,  S3. 00  a 
year;  $1.50 six  months.  Address  AltJNN  & CO, 
Publishers,  301  Broadway,  New  York  City. 


FINE 


I 


Mil  CUTS,  ill  ME')  ♦ SMram. 

^R.  R.  WELCH’S,^. 

227  Broad  St.,  r»r  P.  O.,  - South  Bethlehem,  Pa. 

Endorsed  by  the  most  fastidious.  Ill  work  done  at  residences  when  orderei 
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THE  BETHLEHEM  IRON  CO., 

SODTH  BETHLEHEM,  PA.,  U.  S,  A., 

MANUFACTURERS  OF 

SESSEMER  STEEL  RAILS, 

PIG  IRON,  STEEL  BILLETS,  SLABS,  BLOOMS. 

H e a v y Steel  Shafting 

AND 

FORGINGS. 

OBT.  P.  LINDERMAN,  President.  C.  O.  BRUNNER,  Treasurer. 

OBT.  H.  SAYRE,  Gen’l  Manager.  JOHN  FRITZ,  Chief  Eng’r  & Gen'l  Supt. 

BRAHAM  S.  SCHROPP,  Secretary.  R.  W.  DAVENPORT.  Ass’t  Supt. 


yotjustgi-’s 

LEADING 

HAT,  GAP,  FUR  and  GENTS’  FURNISHING  HOUSE. 

GYiflZNHSIUM  GOODS. 


Largest  Assortment. 

rAIN  STREET, 


Lowest  Prices. 


Latest  Styles. 


BETHLEHEM , PA. 


TRAUTWINE’S  POCKET  BOOK. 

“Without  doubt  it  has  proved  itself  to  he  the  most  useful  hand 
book  in  the  language  for  the  engineering  profession.’’ — Engineering 
and  Mining  Journal,  Aug.  25,  1888. 

John  Wiley  & Sons,  New  York.  E.  & F.  N.  Spon,  London. 


TIMES  PUBLISHING  COMPANY 

Steam  Printers,  Rulers  and  Binders 

Times  Building,  Main  St. 

BETHLEHEM,  PA. 

JOS.  A.  WEAVER,  Manager 


SPECIMENS  OF  OUR  WORK 


The  Lehigh  Quarterly 


’91’s,  '92’s  and ’93’s  Epitomes 
The  Lehigh  University  Register 


The  Lehigh  Burr 


Your  Business  is  Solicited 


